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4.0 PROPULSION PLANT ANALYSIS AND DETERMINATION OF STANDARDS CANDIDATES

4.1 SUMMARY

4 . 1 . 1  G E N E R A L

T h i s  T a s k  c o n s i s t s  o f  a  t e c h n i c a l  e v a l u a t i o n  o f  t h e  p r o p u l s i o n

p l a n t s  w h i c h  r e f l e c t  t h e  r e q u i r e m e n t s  o f  t h e  s h l p s  f o r e c a s t  t o  b e

o r d e r e d  i n  U . S .  S h i p y a r d s  t o  1 9 8 6 . T h e  m a i n  p u r p o s e  o f  t h e  T a s k  i s  t o

s e l e c t  v i a b l e  s t a n d a r d s  c a n d i d a t e s  f o r  f u r t h e r  e c o n o m i c  a n a l y s i s .

T h e  s t a n d a r d s  c a n d i d a t e s  t o  b e  e v a l u a t e d  w e r e  b a s e d  u p o n  e x p e r -

i e n c e  g a i n e d  i n  t h e  f o l l o w i n g :

1 .

2 .

3 .

4 .

5 .

P r e p a r a t i o n  a n d  d e t e r m i n a t i o n  o f  t h e  f o r e c a s t ,

T a s k  1 ,  o f  t h i s  s t u d y .

L i t e r a t u r e  R e s e a r c h  o f  t e c h n i c a l  p u b l i c a t i o n s

a n d  p a p e r s .

C o n s u l t a t i o n s

m a n u f a c t u r e r s

w i t h  s h i p b u i l d e r s ,  e q u i p m e n t

a n d  s h i p  o w n e r s  a n d  o p e r a t o r s .

T h e s e  i n c l u d e d  v i s i t s  t o  t h e i r  f a c i l

C o n s u l t a t i o n s  w i t h  f o r e i g n  s h i p b u i l d

r e p r e s e n t a t i v e s .

t i e s .

n g  i n d u s t r y

R e s e a r c h  c o n c e r n i n g  s t a n d a r d s  u t i l i z e d  i n  o t h e r

i n d u s t r i e s  s u c h  a s  o i l  d r i l l i n g ,  p o w e r  p l a n t ,

b u i l d i n g ,  e t c .
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4 .  1 . 2 . 4 T h e  c r i t e r i a  t o  b e  u t i l i z e d  i n  t h e  s e l e c t i o n  o f

s t a n d a r d s  c a n d i d a t e s  w e r e  d e f i n e d . T h e  m a n y  f a c t o r s  a n d  t h e i r

r e l a t i v e  i n f l u e n c e  y e r e  s y n t h e s i z e d  i n t o  t e c h n i c a l  f e a s i b i l i t y ,

e c o n o m i c  p o t e n t i a l  a n d  i n d u s t r y  a c c e p t a n c e .

4 . 1 . 2 . 5 T h e  p r o p u l s i o n  p l a n t s  u n d e r  c o n s i d e r a t i o n

w e r e  t h e n  d e f i n e d  a n d  a  w a t e r f a l l  c h a r t  w a s  p r e p a r e d  f o r  e a c h

o f  t h e  t h r e e  m a j o r  s y s t e m s  - -  s t e a m , d i e s e l  a n - d  g a s  t u r b i n e .

. T h e s e  c h a r t s  w e r e  u t i l i z e d  a s  t o o l s  t o  l i s t  t h e  p o t e n t i a l  c a n d i -

d a t e s . F i g u r e  4 - 1  i s  t h e  c h a r t  f o r  a  s t e a m  p l a n t .

4 . 1 . 2 . 6 A  m a t r i x  w a s  d e v e l o p e d  u t i l i z i n g  t h e  " t y p e ”

a n d " l e v e l "  a s  c o o r d i n a t e s  a n d  a p p l y i n g  t h e  e l e m e n t s  o f  t h e

p r o p u l s i o n  p l a n t  w a t e r f a l l  c h a r t  t o  l i s t  t h e  s t a n d a r d s  p a r a -

m e t e r s . I n  o t h e r  w o r d s , s t a n d a r d s  p a r a m e t e r s  w e r e  d e t e r m i n e d

f o r  t h e  m a j o r  p r o p u l s i o n  p l a n t s  f o r  e a c h  t y p e  o f  s t a n d a r d  a t

a l l  l e v e l s . T a b l e  1  p r o v i d e s  t h i s  m a t r i x  f o r  t h e  s t e a m  p r o -

p u l s i o n  p l a n t .

4 . 1 . 2 . 7 F r o m  t h i s  m a t r i x , a  l i s t i n g  o f  s t a n d a r d s

p a r a m e t e r s  w a s  d e v e l o p e d  a n d  t h e  e v a l u a t i o n  c r i t e r i a  a p p l i e d

t o  e a c h T h e  m e t h o d  o f  a p p l i c a t i o n  w a s  a  n u m e r i c a l  g r a d i n g

s y s t e m  w h i c h  a c c o u n t e d  f o r  t h e  r e l a t i v e  m e r i t s  o f  t e c h n i c a l

f e a s i b i l i t y ,  e c o n o m i c  p o t e n t i a l  a n d  i n d u s t r y  a c c e p t a n c e .

T a b l e  4 - 2  s h o w s  t h e  s t e a m  p l a n t  e v a l u a t i o n .

4 . 1 . 2 . 8 A n  a n a l y s i s  o f  t h e  g r a d i n g s  d e t e r m i n e d  t h e

s t a n d a r d s  p a r a m e t e r s  w i t h  t h e  g r e a t e s t  p o t e n t i a l .

4 . 1 . 2 . 9 T h e s e  p a r a m e t e r s  w e r e  t h e n  g r o u p e d  i n t o  

l o g i c a l  c a t e g o r i e s f o r  s e l e c t i v e  e c o n o m i c  a n a l y s i s  i n  t h e  n e x t

T a s k  o f  t h i s  s t u d y .

4 . 1 . 2 . 1 0 F o r  t h e  p u r p o s e  o f  t h i s  f e a s i b i l i t y  s t u d y ,
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p a r a m e t e r s  w h i c h  s h o w e d  t h e  h i g h e s t  p o t e n t i a l  w e r e  s e l e c t e d

f o r  f u r t h e r  e c o n o m i c  a n a l y s i s . T h o s e  c a n d i d a t e s  w h i c h  r a n k e d

l o w e r  t h a n  t h o s e  s e l e c t e d  m a y  s t i l l  b e  i n c l u d e d  i n  t h e  s t a n d a r d s

p r o g r a m  a t  a  l a t e r  d a t e  s h o u l d  t h e y  d e s e r v e  c o n s i d e r a t i o n .

4 . 1 . 3  S E L E C T E D  S T A N D A R D S  P A R A M E T E R S

T h e  s e l e c t e d  p a r a m e t e r s  g e n e r a l l y l e n d  t h e m s e l v e s  t o

b e  i d e n t i f i e d  w i t h  f o u r  d i f f e r e n t  c a t e g o r i e s :  T o t a l  P r o p u l s i o n

P l a n t , S y s t e m / E q u i p m e n t  N o d u l e s , E q u i p m e n t  E n v e l o p e s  a n d  

M a j o r  i n d i v i d u a l  E q u i p m e n t / C o m p o n e n t s .  

T h e  p o t e n t i a l  o f  e a c h  s t a n d a r d s  p a r a m e t e r  w a s  e v a l u a t e d

f o r  i n c l u s i o n  i n t o  a " s t a n d a r d "  a t  i t s  r e s p e c t i v e  " t y p e "  a n d

" l e v e l " . A  r e v i e w  o f  t h e  p a r a m e t e r s  w i t h  t h e  g r e a t e s t  p o t e n t i a l

i n d i c a t e s  t h a t  t h e  s a m e  t y p e  p a r a m e t e r s  a p p e a r e d  a t  m o r e  t h a n

o n e  l e v e l  a n d  m a n y o f  t h e d i f f e r e n t  t y p e s  a r e  i n t e r d e p e n d e n t .

S i n c e  m a n y  s i m i l a r i t i e s  e x i s t  b e t w e e n  t h e  p a r a m e t e r s  a t  d i f -

f e r e n t  l e v e l  a n d  t y p e s , i t  w a s  d e c i d e d  t o  g r o u p  t h e m  i n t o  f o u r

l o g i c a l  c a t e g o r i e s .
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NOTES TO EVALUATION MATRIX:

1 . T h e  p r o p u l s i o n  p l a n t  R P M  i s  d i f f i c u l t  t o  s t a n d a r d i z e  b u t  n o t
i m p o s s i b l e . I t  c a n  b e - s t a n d a r d i z e d  f o r  t h e  s a m e  c l a s s  v e s s e l s

. a t  t h e  s a m e  s p e e d . S i n c e  m o s t  m a i n  t u r b i n e s  t u r n  a t  a p p r o x i m a t e l y
t h e  s a m e  s p e e d ,  t h e  r e q u i r e d  p o r p e l l e r  p i t c h  a n d  t h e  n u m b e r
o r  r e d u c t i o n s  a c c o m p l i s h e d  b y  t h e  r e d u c t i o n  g e a r  d e v e l o p i n g  a
s p e c i f i e d  s h a f t  h o r s e p o w e r . I n  g e n e r a l  t h e  s h a f t  R P M  i s  d e t e r m i n e d
b y  t h e  h u l l  r e q u i r e m e n t s  a n d  s h i p s ’  o p e r a t i o n a l  p r o f i l e .

2 . F u e l  r a t e s  o f  a n y  t w o  s t e a m  t u r b i n e  p l a n t s  o f  t h e  s a m e  p o w e r  r a n g e
b u t  o f  d i f f e r e n t  m a n u f a c t u r e r s  m a y  n o t  b e  e q u a l .  H o w e v e r ,  t h e
d i f f e r e n c e s  a r e  g e n e r a l l y  s m a l l ,  w h e n  c o m p a r i n g  e q u a l  p r o p u l s i o n
p l a n t s . T h e  a u x i l i a r y  e q u i p m e n t  i n  d i f f e r e n t  t y p e s  o f  s h i p s  o f
e q u a l  ‘ h o r s e p w e r  h a v e  m o r e  e f f e c t  u p o n  f u e l  r a t e s  t h a n  a  c h a n g e
i n  m a i n  t u r b i n e  m a n u f a c t u r e r .

3 . F r o m  d i s c u s s i o n  w i t h  v a r i o u s  t u r b i n e  a n d  b o i l e r  m a n u f a c t u r e r ,
h a s  b e c o m e  a p p a r e n t  t h a t  s t a n d a r d i z i n g  t h e  s u p e r h e a t e d  s t e a m
c o n d i t i o n s  i s  n o t  o n l y  a c c e p t a b l e  a n d  d e s i r a b l e ,  b u t  i s  a l m o s t
u n i v e r s a l l y  a c c o m p l i s h e d  t o  d a t e .

4 . T h e  n u m b e r  o f  b o i l e r s  i n  t h e  s t e a m  D r o w l s i o n  D l a n t  r e c e i v e d  a

i t

l o w e r  r a t i n g  i n  e c o n o m i c  p o t e n t i a l  b e c a u s e  t h i s  s t a n d a r d  p a r a m e t e r
w i l l  h a v e  l i t t l e  e f f e c t  o n  d e c r e a s i n g  t h e  c o s t s  o f  s h i p b u i l d i n g .
H o w e v e r , t h e  n u m b e r  o f  b o i l e r s  d o e s  h a v e  s o m e  e c o n o m i c  p o t e n t i a l
s i n c e  i t  i . s  a  n e c e s s a r y  i t e m  w i t h i n  t h e  s t a n d a r d  f o r  e n g i n e  r o o m
a r r a n g e m e n t . R e d u c i n g  t h e  n u m b e r  o f  b o i l e r s  i n  a  s h i p  h a s  g o o d
e c o n o m i c  p o t e n t i a l . H o w e v e r , t h i s  f a c t  i s  n o t  d e p e n d e n t  u p o n  t h e
s t a n d a r d s  p r o g r a m .

5 . T h e  N a v y  h a s  s t a n d a r d i z e d  t h i s  i t e m  i n  p r e l i m i n a r y  d e s i g n  f o r
a  c l a s s  o f  v e s s e l s . T h e  m e r c h a n t  f l e e t  m i g h t  b e  a b l e  t o  a c c o m p l i s h
t h e  s a m e .  H o w e v e r , c h a n g e s  i n  v e s s e l  s p e e d  a n d  t h e r e f o r e ,  R P M
a n d  s h a f t  s i z e  w i l l  n e c e s s i t a t e  c h a n g e s  i n  t h e  r e d u c t i o n  r a t i o
a n d  p o s s i b l y  t h e  a r r a n g e m e n t  o f  r e d u c t i o n  g e a r s  a n d  s h a f t i n g ,
t h e r e b y  m a k i n g  s t a n d a r d i z a t i o n  o f  e n g i n e  r o o m  a r r a n g e m e n t s  d i f f i -
c u l t . I t  s h o u l d  a l s o  b e  n o t e d  t h a t  t h e  h o r s e p w e r  s t a n d a r d -
i z a t i o n  m a y  b e  m o r e  u n i v e r s a l l y  a p p l i e d  w h e n  t h e  s h a f t  R P M  i s
f l e x i b l e  t h e r e b y  m a k i n g  t h e  s t a n d a r d i z a t i o n  o f  r e d u c t i o n  g e a r
t e c h n i c a l l y  f e a s i b l e .  

6 . T e c h n i c a l l y  f e a s i b l e  o n l y  i f  t h e  e n g
s t a n d a r d i z e d .

7 . E v e n  t h o u g h  t h e  h e a t  b a l a n c e  i s  c o n s

n e  r o o m  a r r a n g e m e n t  b e c o m e s

d e r e d  s u i t a b l e  f o r  s t a n -
d a r d i z a t i o n , t h e  l o s s e s  a n d  e f f i c i e n c y  o f  t h e  s t e a m ,  c o n d e n s a t e
a n d  f e e d w a t e r  s y s t e m s  w i l l  v a r y .

8 . T h e  u s e  o f  s t a n d a r d  p r e f o r m e d  p i p e  a n d  t h e  e s t a b l i s h m e n t  o f
s t a n d a r d  p i p i n g  i n t e r f a c e s  i s  t e c h n i c a l l y  f e a s i b l e  o n l y  i f  t h e
e n g i n e  r o o m  a r r a n g e m e n t  a n d  t h e  e n v e l o p e  o r  m o d u l e  c o n c e p t s  a r e  
a d o p t e d  f o r  s t a n d a r d i z a t i o n .
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1 1 .

1 2 .
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16 .

1 7 .

1 8 .

1 9 .

2 0 .

T h i s  i t e m  r e q u i r e s  t h e  d e v e l o p m e n t  o f  a n  e n v e l o p e  a r o u n d  t h e
e q u i p m e n t  t o  d e f i n e  t h e  p i p i n g ,  f o u n d a t i o n  a n d  i n t e r f a c e  l o c a t i o n s  
t h u s  a l l o w i n g  a l l  m a n u f a c t u r e r s  t o  b e  c a p a b l e  o f  c o n n e c t i n g
t o  t h e  a p p r o p r i a t e  l o c a t i o n s . T h e  m a n u f a c t u r e r s  w i l l  n o t  a c c e p t
t h e  l o c a t i o n  o f  P i p i n g  i n t e r f a c e s  s u c h  t h a t  t h e y  w o u l d  b e  r e q u i r e d
t o  c h a n g e  t h e i r  p r e s e n t  m a r k e t i n g  d e s i g n s . I n  a d d i t i o n ,  s i z e
a n d  w e i g h t  p a r a m e t e r s  m u s t  b e  b a s e d  o n  t h e  m a x i m u m  n o r m a l .

T h i s  i t e m  r e q u i r e s  a  s t a n d a r d  l o c a t i o n  f o r  t h e  f i r e r o o m
b u l k h e a d ;  t h e r e b y  r e q u i r i n g  t h e  a d o p t i o n  o f  t h e  s t a n d a r d  e n g i n e
r o o m  e n v e l o p e .

M a n u f a c t u r e r s  w o u l d  f e e l  t h i s  c u t s  i n t o  t h e i r  c o m p e t i t i v e  p o s i t i o n .

T h e  b o i l e r  e n v e l o p e ,  e s t a b l i s h i n g  i n t e r f a c e  l o c a t i o n s ,  i s  t e c h n i c a l l y
s o u n d  a n d  a c c e p t a b l e  t o  t h e  m a n u f a c t r u e r s  s u r v e y e d  w i t h  t h i s  w o r d
o f  c a u t i o n :

T h e  l o c a t i o n  o f  i n t e r f a c e s  o n  t h e  i m a g i n a r y  e n v e l o p e  s h o u l d
b e  s u c h  t h a t  o n e  m a n u f a c t u r e r  d o e s  n o t  h a v e  t o  p r o v i d e  m o r e
p i p i n g  t h a n  a n o t h e r  d u e  t o  t h e  h i g h  c o s t  o f  h i g h  p r e s s u r e  a n d
t e r n p e i a t u r e  p i p i n g . i n  a d d i t i o n , t h e  p i p i n g  a n d  s u p p o I
s y s t e m  m u s t  b e  o f  s u f f i c i e n t  s t r e n g t h  a n d  s t i f f n e s s  t o
a s  a n  a n c h o r  p o i n t  i n  t h e  p i p i n g  s t r e s s  a n a l y s i s .

S t a n d a r d i z a t i o n  o f  a p p r o v e d  b o i l e r  i n s t a l l a t i o n  d r a w i n g s  a n d
t e c h n i c a l  m a n u a l s  c a n n o t  b e  i n d e p e n d e n t l y  e v a l u a t e d  f o r t e c h n
f e a s i b i l i t y  a n d  e c o n o m i c  p o t e n t i a l .  T h e y  a r e  i n t e r r e l a t e d .

t
a c t

ca1

T h i s  i t e m  i s  t o o  d i f f i c u l t  t o  u s e  t h e  e n v e l o p e  c o n c e p t  i n  l o c a t i n g
i n t e r f a c e s .

T h e  n u m b e r  o f  l o c a t i o n s  o f  p i p i n g  i n t e r f a c e  p o i n t s  v a r y  p e r
m a n u f a c t u r e r .

T h i s  i t e m  m u s t  b e  s t a n d a r d i z e d  o n l y  a s  t o  t h e  m a x i m u m  a n d  m i n i m u m
t e m p e r a t u r e s  o f  t h e  i n l e t  w a t e r  a n d  t h e  m i n i m u m  t e m p e r a t u r e  r i s e
a l l o w a b l e  i n  t h i s  r a n g e .

S h i p p i n g  w e i g h t  a n d  s h i p y a r d  f a c i l i t y  c r a n e  c a p a c i t i e s  m a y  c a u s e
d i f f i c u l t i e s  t o  t h e  e s t a b l i s h m e n t  o f  n a t i o n a l  s t a n d a r d s .

M o d u l e  d e s i g n  s h o u l d  b e  s u c h  t h a t  i t  d o e s  n o t  e l i m i n a t e  a n y  v i a b l e
m a n u f a c t u r e r  a s  a n  e l i g i b l e  v e n d o r .

C o n s i d e r  t h e s e  a s  p r o c u r e m e n t  a n d / o r  g e n e r a l  s p e c s .  C r e s t
s t a n d a r d  s p e c s  w h i c h  w o u l d  c a u s e  a  c h a n g e  i n  m a n u f a c t u r e r
d e s i g n  w o u l d  b e  u n a c c e p t a b l e .

T h e s e  s h o u l d  b e  r e c o m m e n d e d  s t a n d a r d s  n o t  h a r d  s p e c i f i c a t

n g
s

o n s
e x c e p t  a s  r e q u i r e d  b y  t h e  A B S  a n d  t h e  U . S .  C o a s t ”  G u a r d  r e q u i r e m e n t s . 

T a b l e  4  -  2
Sht 6 of 6
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T h e  t o t a l  p a c k a g e  l e v e l ,  G r o u p  1 ,  c o n s i s t s  o f  s t a n d a r d s  p a r a m e t e r s

w h i c h  c a n  b e  u t i l i z e d  t o  d e f i n e  a n d  d e s i g n  t h e  t o t a l  p r o p u l s i o n  p l a n t . T a b l e

4 - 3  i s  t h e  G r o u p  I  l i s t i n g  f o r  t h e  s t e a m  p r o p u l s i o n  p l a n t .

T h e  S y s t e m s / E q u i p m e n t  M o d u l e s  f o r m  G r o u p  I l .  T h e  p r i m a r y  t y p e s  o f

s t a n d a n d s  f o r  e a c h  m o d u l e  w o u l d  b e  i t s  i n t e r f a c e  a n d  p a c k a g i n g ;  t h e  s u p p o r t i n g

t y p e s  o f  s t a n d a r d s  w o u l d  b e  t h e  p e r f o r m a n c e  a n d  o p e r a t i o n  o f  t h e  m o d u l e  a s  a

s y s t e m  a s  w e l l  a s  i t s  c o m p o n e n t  e q u i p m e n t  w h e r e  a p p l i c a b l e .  T h e  n m d u l e s

a r e  f o u n d  a t  t w o  l e v e l s  - - M a j o r  E q u i p m e n t / S u b - S y s t e m  a n d  E q u i p m e n t / C o m p o n e n t .

T a b l e  4 - 4  i s  t h e  G r o u p  I I  l i s t i n g  f o r  t h e  s t e a m  p r o p u l s i o n  p l a n t .

S i m i l a r  l o g i c  w a s  u s e d  t o  d e v e l o p  G r o u p  I l l ,  E q u i p m e n t  E n v e l o p e s

a n d  G r o u p  I V ,  I n d i v i d u a l  E q u i p m e n t / C o m p o n e n t s .  T a b l e s  4 - 5  a n d  4 - 6  a r e  t h e

G r o u p  I l l  a n d  I V  l i s t i n g s  f o r  t h e  s t e a m  p r o p u l s i o n  p l a n t .

4 . 1 . 3 . 1  G R O U P  I - TOTAL PROPULSION PIANTS

T h i s  g r o u p  o f  s t a n d a r d s  c a n d i d a t e s  c o n s i s t s  o f  t h e  t h r e e

b a s i c  t y p e s  o f  p r o p u l s i o n  p l a n t s , s t e a m ,  d i e s e l  a n d  g a s  t u r b i n e ,  s u b d i v i d e d

i n  c o m n o n  h o r s e p o w e r  r a n g e s  a s  l i s t e d  i n  p a r a g r a p h  4 . 1 . 1 .

W i t h i n  t h i s  g r o u p  t h e  e q u i p m e n t  a n d  m a c h i n e r y  w h i c h

c o l l e c t i v e l y  f o r m e d  a  s t a n d a r d  p r o p u l s i o n  p l a n t  a r e  d e f i n e d  f o r  e a c h  h o r s e -

p o w e r  r a n g e . E a c h  h o r s e p o w e r  r a n g e  c o n t a i n s  s t a n d a r d s  f o r  m a j o r  c o m p o n e n t s

a s  t o  t h e i r  p e r f o r m a n c e ,  t y p e ,  d e s c r i p t i o n ,  o p e r a t i n g  c h a r a c t e r i s t i c s ,  s i z e

( m a x i m u m )  a n d  w e i g h t  ( m a x i m u m ] . T h e  f o l l o w i n g  s t a n d a r d  r a n g e s  a r e  c o v e r e d :

S t e a m  T u r b i n e  P l a n t s 1 5  - 1 7 , 5 0 0  S H P

2 4  - 2 6 , 0 0 0  S H P

2 8 , 4 0 0  - 3 2 , 0 0 0  S H P

3 6 - 4 0 , 0 0 0  S H P

4 3 - 4 5 , 0 0 0  S H P   

5 0 , 0 0 0  S H P
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p a r a m e t e r s  f o r  t h e m a j o r  e q u i p m e n t  s u c h  a s  t h e  M a i n  E n g i n e s ,  C o n t r o l s ,

S t a r t i n g  . S y s t e m ,  E x h a u s t  S y s t e m ,  F r e s h  W a t e r  S y s t e m ,  L u b r i c a t i n g  O i l

S y s t e m ,  F u e l  O i l  S y s t e m ,  R a w  W a t e r  S y s t e m  a n d  R e d u c t i o n  G e a r .

4 . 1 . 3 . 1 . 3  S t a n d a r d  G a s  T u r b i n e  P l a n t s

G a s  T u r b i n e  P l a n t s  h a v e  b e e n  e s s e n t i a l l y  s t a n d a r d i z e d  a t  t h e

t o t a l  p a c k a g e  l e v e l  i n  t h a t  t h e  a v a i l a b l e  p l a n t  s i z e s  a r e  l i m i t e d .  .  T h a t

i s ,  e a c h  m a n u f a c t u r e r  m a r k e t s  a  p a r t i c u l a r  s i z e  ( h o r s e p o w e r )  g a s  t u r b i n e

b y  t y p e  o f  w h i c h  t h e r e  i s  n o  c o m p e t i t i v e  d e s i g n ,  s o  t h a t  s e l e c t i o n  o f

t h e  s u p p l i e r  i s  b a s e d  s o l e l y  o n  t h e  d e s i g n  h o r s e p o w e r  a n d  t y p e  o f  t u r b i n e

( A i r c r a f t  D e r i v a t i v e  o r  H e a v y  D u t y  I n d u s t r i a l  t y p e ) .

T h e r e  i s  a  c r i t i c a l  n e e d  t o  d e v e l o p  s t a n d a r d s  t o  s u i t  t h e  m a r i n e

i n d u s t r y  f o r  t h e  p e r f o r m a n c e ,  d e s i g n  a n d  p u r c h a s e  o f  g a s  t u r b i n e s

p r o p u l s i o n  p l a n t s .  H o w e v e r ,  i t  i s  d e e m e d  p r e m a t u r e

a n a l y s i s  m e a s u r i n g  t h e  g a i n s  d u e  t o  t h e s e  s t a n d a r d s

o n e  c o m m e r c i a l  i n s t a l l a t i o n  t o  d a t e  i n  t h e  U . S .  t o

4 . 1 . 3 . 2  G R O U P  I I - EQUIPMENT/SYSTEM MODULES

t o  a t t e m p t  a n  e c o n o m i c

s i n c e  t h e r e  i s  o n l y

c o m p a r e  w i t h .

T h i s  g r o u p  o f  s t a n d a r d s  c a n d i d a t e s  c o n s i s t s  o f  m o d u l e s  o f  l i k e  e q u i p m e n t

o r  s y s t e m s  o f  e q u i p m e n t  m o u n t e d  t o g e t h e r  o n  o n e  ( o r  s e v e r a l )  s t r u c t u r a l  f o u n d a t i o n  

( s k i d ) .  I n c l u d e d  a r e  i n t e r c o n n e c t i n g  p i p i n g ,  v a l v e s ,  f i t t i n g s ,  e l e c t r i c a l

c o n n e c t i o n s  a n d  c o n t r o l s .  T h e  s t a n d a r d  m o d u l e  i s  d e f i n e d  b y  l i m i t i n g  d i m e n s i o n s

a n d  w e i g h t s ,  f o u n d a t i o n , i n t e r f a c e  a n d  m o u n t i n g  l o c a t i o n s  a n d  i n t e r f a c i n g  p i p i n g

a n d  e l e c t r i c a l  c o n n e c t i o n s .  T h e  l i k e l y  a d v a n t a g e s  i n c l u d e  r e d u c e d  i n s t a l l a t i o n

c o s t s ,  s u p e r i o r  w a r r a n t y ,  r e d u c e d  t e s t  a n d  c h e c k o u t  t i m e  a n i n c r e a s e d  i n t e r - ;

c h a n g e a b i l i t y  o f  e q u i p m e n t  s o u r c e s .
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T h e  e q u i p m e n t / s y s t e m s  w h i c h  l e n d  t h e m s e l v e s  t o  b e i n g  p a c k a g e d  t o g e t h e r

o n  s k i d s  a r e :

F . O .  S e r v i c e  S y s t e m

L . O .  S e r v i c e  S y s t e m

L . O .  P u r i f y i n g  S y s t e m

P o w e r  U n i t

* H . P .  H e a t e r s  M o d u l e

Feed Pump Module

F i r s t  S t a g e  H e a t e r  M o d u l e

Condensate  Pump Module

D i e s e l  A c c e s s o r y  R a c k s

* D i e s e l  S t a r t i n g  P a c k a g e

L o c a l  " A u t o m a t i o n  S y s t e m " s t a t i o n s  c a n  a l s o  b e  p a c k a g e d  t o g e t h e r

a s  a  m o d u l e .

4 . 1 . 3 . 3

m e n s i o n s

G R O U P  I l l - EQUIPMENT ENVELOPES

T h i s  g r o u p  o f  s t a n d a r d s  o f  a n  i m a g i n a r y  e n v e l o p e  w i t h  l i m i t i n g  d i -

a n d  w e i g h t  a n d  i n c l u d i n g  l o c a t i o n s  a n d  s i z e s  o f  i n t e r f a c e  c o n n e c t i o n s .

T h i s  i s  s i m i l a r  t o  t h e  G R O U P  i l  M o d u l e s  c o n c e p t ,  e x c e p t  t h a t  t h e  s t a n d a r d  c o n t a i n s  

a n  i n d i v i d u a l  c o m p o n e n t  r a t h e r  t h a n  a  g r o u p  o f  c o m p o n e n t s . T h e  m a i n  a d v a n t a g e  i s

t h a t  t h e  e q u i p m e n t  b e c o m e s  s t a n d a r d  w i t h o u t  i n f l u e n c i n g  e x i s t i n g  i n d i v i d u a l  d e s i g n s .

M o s t  e q u i p m e n t  i n  t h e  p r o p u l s i o n  p o w e r  p l a n t  c a n  b e  c o n s i d e r e d  a p p l i c a b l e .

B o i l e r s , t u r b i n e s , c o n d n e s e r s ,  m a i n  f e e d  p u m p s ,  h e a t e r s ,  c o o l e r s ,  c o n d e n s a t e

p u m p s ,  c i r c u l a t i n g  p u m p s ,  p u r i f i e r s ,  c o n t r o l s , a i r  e j e c t o r s ,  d i e s e l  e n g i n e s ,

f u e l  p u m p s  l u b e  o i l  p u m p s ,  s t r a i n e r s ,  f i l t e r s a n d  f o u n d a t i o n s .  H o w e v e r ,  d u e

t o  s p a c e  l i m i t a t i o n s  a n d  t h e  n e e d  t o  u s e  s p a c e  e f f i c i e n t l y ,  e x t e n s i v e  u s e - o f

e n v e l o p e  s t a n d a r d s  m a y  b e  p r e c l u d e d . I t  s e e m s  l i k e l y  t h a t  s m a l l e r  c o m p o n e n t s

f o r  w h i c h  t h e r e  i s  l i t t l e  s p a c e  l i m i t a t i o n  w i l l  b e  s u i t a b l e  f o r  e n v e l o p i n g .
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I n  a d d i t i o n  t o  t h e s e  i n t e r f a c e  t y p e  s t a n d a r d s ,

s t a n d a r d s  i n  G R O U P S  I I  a n d  l I l  m a y  i n c l u d e  o p e r a t i o n a l

m u c h  o f  t h e  e q u i p m e n t

c h a r a c t e r i s t i c  a n d

p e r f o r m a n c e  t y p e  s t a n d a r d s  P a r a m e t e r s  w h i c h  a r e  a p p l i c a b l e .  F o r  e x a m p l e ,  t h e

f o l l o w i n g  s t a n d a r d s  p a r a m e t e r s  a p p l y :

1 s t  S t a g e  H e a t e r :
C a p a c i t y
S t e a m  C o n d i t i o n s
C o n d e n s a t e  C o n d i t i o n s

S t e a m  S y s t e m :
S t e a m  C o n d i t i o n s

B o i l e r s :
C a p a c i t y
F u e l  R a t e
S u p e r h e a t e r  S t e a m  C o n d i t i o n s
F e e d  C o n d i t i o n s

M a i n  T u r b i n e s :
HP
S t e a m  C o n d i t i o n s

Condensa te  Pump:
GPM
Rated Head
RPM
T y p e

4 . 1 . 3 . 4  G R O U P  l V - INDIVIDUAL EQUIPMENT/COMPONENTS

T h e  s t a n d a r d s  w h i c h  a r e  a p p l i c a b

e q u i p m e n t  i n c l u d e  i t e m s  s u c h  a s  " s h i p p e d

" c o n t r o l s " ,  " p r o c u r e m e n t  s p e c i f i c a t i o n s "

e  t o  m o s t  o f  t h e  p r o p u l s i o n  p l a n t

a s s e m b l e d " , " p r o t e c t i o n  a n d  p a c k a g i n g ” ,

" a p p r o v e d

i n s t a l l a t i o n  d r a w i n g s " ,  " m o u n t i n g  i n t e r f a c e s " ,  " c a l c u l a t i o n s "  a n d  " t e c h n i c a l

m a n u a l s " .  T h e s e  i t e m s  a r e  f l e x i b l e  a n d  g e n e r a l  e n o u g h  t o  a l l o w  i n d u s t r y  a c c e p -

t a n c e ,  h o w e v e r ,  t h e y  a r e  o f  q u e s t i o n a b l e  v a l u e  t o  t h e  i n d u s t r y . T h e  p a r a m e t e r s

w h i c h  w e r e  c o n s i d e r e d  s u c h  a s  m a t e r i a l s , r e l i a b i l i t y ,  d u r a b i l i t y ,  h e a t  t r a n s f e r

c o e f f i c i e n t ,  a n d  o t h e r  d e s i g n  s p e c i f i c a t i o n s  r e c e i v e d  l o w  g r a d e s  w h e n  t h e

s e l e c t i o n  c r i t e r i a  w a s  a p p l i e d  d u e  t o  p o o r  i n d u s t r y  a c c e p t a n c e .
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a

I n  s p i t e  o f  t h e s e  f a c t s ,  a s  t h e  s t a n d a r d s  f e a s i b i l i t y .  s t u d y  m a t u r e d ,

c o n s e n s u s  o f  o p i n i o n  h a s  b e e n  r e a c h e d  t h a t  i f  G R O U P  I V  s t a n d a r d s  c o u l d  b e .

i m p l e m e n t e d ,  t h e y  w o u l d  m o s t  c e r t a i n l y  p r o v i d e s a v i n g s  i n  s h i p b u i l d i n g  c o s t s .

T h e r e  i s  a  b i g  d o l l a r  s a v i n g  p o t e n t i a l  i n  t h i s  g r o u p  o f  s t a n d a r d s .

T o  p r o v i d e  a  s t e p - b y - s t e p  a p p r o a c h  t o  c o m p l e t e  s t a n d a r d i z a t i o n ,

t h e  f o I l o w i n g  s t a g e s  o f  s t a n d a r d s  d e v e l o p m e n t  w e r e  a d o p t e d :

a ) D a t a  S t a n d a r d :  i n c l u d e s  a l l  t e c h n i c a l  i n f o r m a t i o n

p l a n t  l e v e l  o f  d e t a i l ,  i n  a  s t a n d a r d  f o r m a t .  T h i s  s t a n d a r d  w o u l d

s h i p y a r d  t o  i n c o r p o r a t e  t h e  s u b j e c t

e x c l u d e  a l l  s a l e s  d o c u m e n t a t i o n .

b )  P r o c u r e m e n t  S t a n d a r d :

a t  t h e  v e n d o r

e n a b l e  t h e

c o m p o n e n t  i n t o  t h e  s h i p  d e s i g n  b u t i t  w o u l d

i s  a n  i n t e r m e d i a t e  s t e p  o f  t h e  s t a n d a r -

d i z a t i o n  w h e r e  a l l  o f  t h e  p e r f o r m a n c e  a n d  o p e r a t i n g  c h a r a c t e r i s t i c s  a n d  s o m e

o f  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  a r e  s t a n d a r d i z e d . P r o c u r e m e n t  d o c u m e n t s  c o v e r i n g

b o t h  t e c h n i c a l  a n d  l e g a l  d a t a  a r e  p r e p a r e d  i n  s t a n d a r d  f o r m a t s .

c ) H a r d w a r e  S t a n d a r d : i s  t h e  f i n a l  s t a g e  o f  s t a n d a r d i z a t i o n  w h e r e

t h e  c o m p o n e n t  i n  q u e s t i o n  i s  c o m p l e t e l y  s t a n d a r d i z e d  a n d  a s  s u c h  b e c o m e s  a n

" o f f - t h e - s h e l f "  i t e m .

P r a c t i c a l l y  a l l  c o m p o n e n t s  c o m p r i s i n g  a  s h i p ’ s  p r o p u l s i o n  p l a n t

m a y  b e  c a n d i d a t e s  f o r  G R O U P  I V  s t a n d a r d i z a t i o n .  H o w e v e r ,  f o r  t h e  p u r p o s e  o f

t h i s  s t u d y ,  o n l y  t h r e e  w i l l  b e  c o n s i d e r e d  a n d  e c o n o m i c  a n a l y s e s  w i l l  b e  p e r -

f o r m e d  o n

4 . 1 . 4

i n d i c a t e s

t h e s e  t h r e e  c o m p o n e n t s  f o r  t h e  t h r e e  d i f f e r e n t  k i n d s  o f  s t a n d a r d s .

CONCLUSIONS AND RECOMMENDATIONS

R e s u l t s  o f  t h e  i n v e s t i g a t i o n  a n d  s e l e c t i o n  o f  s t a n d a r d s  c a n d i d a t e s

t h a t  i m p l e m e n t a t i o n  o f  a  s t a n d a r d s  p r o g r a m  f o r  U . S .  s h i p b u i l d i n g  i s

t e c h n i c a l l y  s o u n d , h a s  t h e  p r o s p e c t s  o f  b e i n g  a c c e p t a b l e  t o  t h e  i n d u s t r y  a n d

s h o w s  g o o d  p o t e n t i a l  f o r  a c h i e v i n g a p p r e c i a b l e  c o s t s  s a v i n g s  i n  s h i p b u i l d i n g .
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H o w e v e r ,  c a r e f u l  e v a l u a t i o n  a n d  c o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o - t h e

s e l e c t i o n  o f  s t a n d a r d s  t o  b e  i m p l e m e n t e d  a n d  t h e  p r i o r i t y  a s s i g n e d . I n d u s t r y

a c c e p t a n c e  i s  i m p e r a t i v e  f o r  s u c c e s s f u l  i m p l e m e n t a t i o n  o f  t h e  s t a n d a r d s .

T h e  m o s t  s i g n i f i c a n t  r e s e r v a t i o n s  t o  t h e  s t a n d a r d s  p r o g r a m  w h i c h  r e f l e c t

t h e  p o s t u r e  o f  i n d u s t r y  i n c l u d e  t h e  f o l l o w i n g :

1 . T h e  m a r i n e  m a r k e t  i s  a  s m a l l  p e r c e n t a g e  o f

t o t a l  s a l e s  a n d  t h e r e f o r e  w i l l  h a v e  l i t t l e

i n f l u e n c e  i n  i n s t i t u t i n g  c h a n g e s .

9~ .  D i f f e r e n c e  i n  s h i p  d e s i g n s  a n d  s h i p y a r d

f a c i l i t y  c a p a b i l i t i e s  m a k e  n a t i o n a l  s t a n d a r d s

d i f f i c u l t .

3 . S o m e  s h i p y a r d s  a l r e a d y  u s e  a  m o d i f i e d  f o r m

o f  s h i p y a r d  s t a n d a r d .

4 .  E q u i p m e n t  m a n u f a c t u r e r s  g e n e r a l l y  u s e  s t a n d a r d  p r o -

d u c t  l i n e s  a n d  w o u l d  r e s i s t  s t a n d a r d s  w h i c h  f o r c e

m o d i f i c a t i o n  o f  t h e i r  d e s i g n s .

I t  w a s  r e c o m m e n d e d  t h a t  e c o n o m i c  a n a l y s i s  b e  p e r f o m r e d  f o r  a  s a m p l i n g

o f  t h e  s t a n d a r d s .  T h e  s e l e c t i o n  o f  s t a n d a r d s  f o r  e c o n o m i c  a n a l y s i s  w a s  b a s e d

o n  t h e  r e l a t i v e  i m p o r t a n c e  o f  t h e  p o t e n t i a l  s a v i n g s  t o  b e  e x p e c t e d  f r o m  e a c h

g r o u p  o f  s t a n d a r d s . U p o n  c o n s i d e r a t i o n  o f  a l l  r e s u l t s  a c h i e v e d  s o  f a r  a n d  a  

r e - e v a l u a t i o n  o f  t h e  o v e r - a l l  f e a s i b i l i t y  s t u d y ,  i t  w a s  d e c i d e d  t o  a s s i g n  t h e

f o l l o w i n g  p r i o r i t i e s  t o  t h e  e c o n o m i c  a n a l y s e s :

1 . T o p  p r i o r i t y  w o u l d  b e  g i v e n  t o  t h e  G R O U P  I V  " I n d i v i d u a l

E q u i p m e n t " s t a n d a r d s  a n d - e f f o r t  w o u l d  b e  s p e n t  t o  a n a l y z e

e c o n o m i c a l l y  t h e  f o l l o w i n g  t h r e e  c o m p o n e n t s  f o r  e a c h  k i n d

o f  s t a n d a r d s  ( i . e . t h e  d a t a ,  t h e  p r o c u r e m e n t ,  a n d  t h e

h a r d w a r e  s t a n d a r d s ) :

.
a ) M a i n  C o n d e n s a t e  P u m p  ( f o r  a  2 6 , 0 0 0  S H P  S t e a m  T u r b i n e
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P r o p u l s i o n  P l a n t )

b ) S t a r t i n g  A i r  C o m p r e s s o r  ( f o r  a  1 4 , 0 0 0  S H P  M e d i u m

S p e e d  D i e s e l  P r o p u l s i o n  P l a n t )

c ) M a i n  B o i l e r  ( f o r  a  2 6 ,O O O  S H P

P l a n t )

2 . T h e  n e x t  l e v e l  o f  p r i o r i t y  w o u l d  b e

S t e a m  T u r b i n e  P r o p u l s i o n

a s s i g n e d  t o  t h e  G R O U P  

" T o t a l  P l a n t  S t a n d a r d s "  a n d  e f f o r t  w o u l d  b e  s p e n t  f o r

e c o n o m i c a l l y  a n a l y z i n g  t h e  f o l l o w i n g  t w o  t o t a l  p l a n t  

s t a n d a r d s :

a ) 2 6 , 0 0 0  S H P  G e a r e d  S t e a m  T u r b i n e  " P r o p u l s i o n  P l a n t .  

b ) 1 4 , 0 0 0  S H P  G e a r e d  M e d i u m  S p e e d  D i e s e l  P r o p u l s i o n  P l a n t

3 . G R O U P  1 1  " S y s t e m s / E q u i p m e n t  M o d u l e "  s t a n d a r d s  w o u l d  r e c e i v e

t h e  t h i r d  l e v e l  o f  p r i o r i t y  a n d  e f f o r t  w o u l d  b e  s p e n t  f o r

t h e  e c o n o m i c  a n a l y s i s  o f  t h e  f o l i o w i n g  t h r e e  m o d u l e s :

a ) F u e l  O i l  S e r v i c e  S y s t e m  M o d u l e  f o r  a  2 6 : 0 0 0  S H P  S t e a m

T u r b i n e  P l a n t

b ) M a i n  F e e d  P u m p  M o d u l e  f o r  a  2 6 , 0 0 0  S H P  S t e a m  T u r b i n e

P l a n t

c ) D i e s e l  A c c e s s o r y  R a c k  f o r  a  1 4 , 0 0 0  S H P  M e d i u m  S p e e d

D i e s e l  P l a n t .

4 .  T h e  l a s t  p r i o r i t y  w o u l d  b e  g i v e n  t o  t h e  G R O U P  I l l  " E q u i p m e n t

E n v e l o p e  S t a n d a r d s " a n d  e f f o r t  w o u l d  b e  u s e d  f o r  t h e  e c o n o m i c

a n a l y s e s  o f :

a ) B o i l e r  E n v e l o p e

b ) L . O .  P u r i f i e r  E n v e l o p e

c ) M a i n  C i r c u l a t i n g  P u m p  E n v e l o p e  

a l l  o f  wh ich  are  fo r  a  2 6 , 0 0 0  S H P  G e a r e d  S t e a m  T u r b i n e

P r o p u l s i o n  P l a n t .
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4.2 GENERAL

4 . 2 . 1 P u r p o s e

T h e  b r o a d  o b j e c t i v e  i s  t o  s t u d y  t h e  f e a s i b i l i t y  o f

d e v e l o p i n g  s t a n d a r d ’ s  f o r  u t i l i z a t i o n  o n  U . S .  c o m m e r c i a l  s h i p

p r o p u l s i o n  p l a n t  e q u i p m e n t  w h i c h  w o u l d  r e s u l t  i n  r e d u c i n g  t h e

t i m e  a n d  c o s t  o f  b u i l d i n g  s h i p s . T h e  p r o p u l s i o n  p l a n t  s y s t e m s

u n d e r  c o n s i d e r a t i o n  a r e  f o r  s h i p s  o f  1 0 , 0 0 0  D W T  c a p a c i t y  a n d

o v e r  w h i c h  a r e  t o  b e  c o n t r a c t e d  t h r o u g h  1 9 8 5 . A t  p r e s e n t , .  t h e

u s e  o f  i n d u s t r y - w i d e  p r o p u l s i o n  p l a n t  s t a n d a r d s  i s  n e a r l y  n o n -

e x i s t e n t . T h e  h e a r t  o f  t h e  p r o b l e m  i s  t o  u n c o v e r  p r o f i t a b l e

a s p e c t s  f o r  s t a n d a r d s  u t i l i z a t i o n  a n d  t h e n  t o  c o n v i n c e  t h e

b u i l d e r / m a n u f a c t u r e r / o w n e r  t h a t  t h e y  w i l l ,  i n d e e d ,  b e n e f i t .

P u t t i n g  i t  a n o t h e r  w a y ,  t h e  b r o a d  o b j e c t i v e  o f  t h e  p r o j e c t  i s

t o  f i n d  c o m m o n  g r o u n d s  w i t h i n  t h e  p r o p u l s i o n  p l a n t  f r a m e w o r k

f o r  t e a m w o r k  b e t w e e n  c o m p e t i n g  f i r m s  t o  s o l v e  i n d u s t r y - w i d e

p r o b l e m s  a n d  i m p r o v e  s h i p b u i l d i n g  e f f i c i e n c y . T h i s  t a s k  i s  a

d i f f i c u l t  o n e , s i n c e  t h e  r i v a l  f i r m s  a r e  n o t  u s e d  t o  w o r k i n g

t o g e t h e r  t o w a r d s  c o m m o n  g o a l s . T h e  s p e c i f i c  o b j e c t i v e  o f  t h i s

t a s k  o f  t h e  f e a s i b i l i t y  s t u d y  i s  t o  p e r f o r m  t e c h n i c a l  a n a l y s e s

o f  p r o p u l s i o n  p l a n t s  a n d  t o  d e t e r m i n e  t h e  c a n d i d a t e s  f o r  w h i c h

s t a n d a r d s  m a y  b e  w r i t t e n .

I n  a p p r o a c h i n g  t h i s ,  o n e  m u s t  r e m a i n  c a r e f u l  t h a t  e s t a b -

l i s h m e n t  o f  s t a n d a r d s  w i l l  n o t  s t i f l e  c o m p e t i t i o n  a n d  i n d i v i d u a l

i n c e n t i v e . A l s o , o n e  m u s t  i n s u r e  t h a t  t h e  u s e o f  s t a n d a r d s

w h i c h  m i g h t  r e s u l t  i n  r e d u c i n g  t h e  c o s t  o f  t h e  s h i p  w i l l  n o t
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a d v e r s e l y  i n f l u e n c e  t h e  c o s t  o f  s h i p  o p e r a t i o n .

T h e  t a s k  o f  t h e  s e l e c t i o n  o f  s y s t e m s / s u b s y s t e m s  s t a n d a r d s

c a n d i d a t e s  i s  c o n s i d e r e d  c r u c i a l ,  s i n c e  i t  s e t s  t h e  d i r e c t i o n  f o r

t h e  w h o l e  s t u d y . I t  i n c l u d e s  t h e  d e v e l o p m e n t  o f  t h e  c r i t e r i a  f o r

s e l e c t i o n  o f  s t a n d a r d s  p a r a m e t e r s ,  e v a l u a t i o n  o f  t h e  f o r e c a s t s

a n d  d e t e r m i n a t i o n  o f  t h e  c o m p o n e n t s  t o  b e  c o v e r e d  b y  s t a n d a r d s

a n d  f i n a l l y  a d o p t i n g  t h e  t y p e  a n d  l e v e l  o f  s t a n d a r d s . F o r  a

d e t a i l e d  d e s c r i p t i o n  o f  t h e  d e f i n i t i o n  o f  " S t a n d a r d s , ”  p l e a s e

r e f e r  t o  4 . 4 . 3 .

S p e c i f i c a l l y ,  t h i s  T a s k  c o n s i s t s  o f  a  t e c h n i c a l  e v a l u a -

t i o n  o f  t h e  p r o p u l s i o n  p l a n t s  w h i c h  r e f l e c t  t h e  r e q u i r e m e n t s  o f

t h e  s h i p s  f o r e c a s t  t o  b e  o r d e r e d  i n  U . S .  S h i p y a r d s  t o  1 9 8 6 .  A

p r i m a r y  r e s u l t  o f  t h i s  T a s k  w i l l  b e  t h e  s e l e c t i o n  o f  v i a b l e

s t a n d a r d s  c a n d i d a t e s  f o r  f u r t h e r  e c o n o m i c  a n a l y s i s .

4 . 2 . 2 A p p r o a c h

T h e  p l a n  u t i l i z e d  i n  i m p l e m e n t a t i o n  o f  t h i s  T a s k  c o n -

s i s t e d  o f  g a t h e r i n g  d a t a  a n d  i n f o r m a t i o n  r e g a r d i n g  p r o p u l s i o n

p l a n t  s t a n d a r d s  a n d  a p p l y i n g  t h i s  d a t a  t o  d e v e l o p  a  p r a c t i c a l

a p p l i c a t i o n  o f  s t a n d a r d s  u t i l i z a t i o n  t o  t h e  c o m m e r c i a l  m a r i n e

s h i p b u i l d i n g  i n d u s t r y .

T h e  n e c e s s a r y  r e s e a r c h  i n c l u d e d  a  l i t e r a t u r e  s e a r c h  o f

t e c h n i c a l  p u b l i c a t i o n s ,  p a p e r s ,  a n d  t r a d e  m a g a z i n e s . A  l i s t  o f

p e r t i n e n t  d o c u m e n t s ,  b i b l i o g r a p h y , i s  i n c l u d e d  i n  A p p e n d i x  B . 5 .

V a r i o u s  m e m b e r s  o f  t h e  m a r i n e  i n d u s t r y  w e r e  c o n t a c t e d

4 - 2 8



t o  p r o v i d e  t h e i r  i n i t i a l  v i e w p o i n t  a n d  c o n t r i b u t i o n  a s  t o  w h i c h

a s p e c t s  o f  p r o p u l s i o n  p l a n t s  t h e y  w o u l d  p r e f e r  t o  s e e  s t a n d a r d s

d e v e l o p e d  f o r .  S h i p b u i l d e r s , s h i p  o w n e r s ,  s h i p  o p e r a t o r s ,  a n d

e q u i p m e n t  m a n u f a c t u r e r s  w e r e  v i s i t e d  a n d  o p i n i o n s  r e g a r d i n g

s t a n d a r d s  w e r e  e x c h a n g e d . R e c u r r i n g  p r o b l e m s  w e r e  d i s c u s s e d .

T a b l e  4 - 7  r e p r e s e n t s  c o m p a n i e s  w h i c h  w e r e  c o n t a c t e d  f o r  c o n -

s u l t a t i o n s . M i n u t e s  o f  a  s a m p l e  o f  t h e  c o n s u l t a t i o n  m e e t i n g s

i s  i n c l u d e d  i n  A p p e n d i x  B . 4 . d . T r i p  r e p o r t s  o f  v i s i t s  t o  s o m e

s h i p y a r d s  a r e  i n c l u d e d  i n  A p p e n d i x  B . 4 . a  a n d  B . 4 . b .

F o r e i g n  s h i p b u i l d i n g  i n d u s t r y  r e p r e s e n t a t i v e s  w e r e  c o n -

t a c t e d . I n f o r m a t i o n  w a s  g a t h e r e d  f r o m  w h i c h  a  d e t e r m i n a t i o n

c o u l d  b e  m a d e  o n  t h e  v a l u e s  p l a c e d  o n  p r o p u l s i o n  s t a n d a r d s  i n

f o r e i g n  c o u n t r i e s  a n d  t h e  p o s s i b l e  a p p l i c a b i l i t y  t o  U . S .  s h i p -

b u i l d i n g . M i n u t e s  o f  t h e  m e e t i n g s  w i t h  t h e  G r e e k  s h i p - p i n g

i n d u s t r y  r e p r e s e n t a t i v e s  a r e  i n c l u d e d  i n  A p p e n d i x  B . 4 . c .

R e s e a r c h  w a s  c o n d u c t e d  c o n c e r n i n g  s t a n d a r d s  u t i l i z e d

i n  o t h e r  i n d u s t r i e s  s u c h  a s  t h e  o i l  d r i l l i n g ,  i n d u s t r i a l  p o w e r

p l a n t ,  b u i l d i n g ,  a u t o m o t i v e ,  a n d  s h i p p i n g  i n d u s t r i e s . A p p l i c a -

b i l i t y  o f  s t a n d a r d s  t o  s h i p b u i l d i n g  w a s .  i n v e s t i g a t e d .

I n f o r m a t i o n  g a t h e r e d  d u r i n g  t h e  p e r f o r m a n c e  o f  T a s k  1 ,

f o r e c a s t , o f  t h i s  s t u d y  w a s  u t i l i z e d . T h e  f o r e c a s t  d a t a  w a s

a p p l i e d  b o t h  i n  d e t e r m i n a t i o n  o f  w h i c h  t y p e  o f  p r o p u l s i o n

p l a n t s  t o  e m p h a s i z e  a n d  i n  d e t a i l e d  a n a l y s i s  o f  t h e  p r o p u l s i o n

e q u i p m e n t .
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A m e r i c a n  P r e s i d e n t  L i n e s ,  L t d .
A m e r i c a n  S t e a m s h i p  C o . ,

B o l a n d  &  C o r n e l i u s ,  I n c .
A n d r e a d i s  S h i p y a r d s
A t l a n t i c  R i c h f i e l d  C o .
A v o n d a l e  S h i p y a r d s ,  I n c .
B a b c o c k  &  W i l c o x  C o .
B a i l e y  C o n t r o l s ,  I n c .
B a t h  I r o n  W o r k s  C o r p .
B e t h l e h e m  S t e e l  C o r p .
B o r g - W a r n e r  C o r p . ,

B y r o n  J a c k s o n  P u m p  D i v .
B u r m e i s t e r  &  W a i n  A m e r i c a n  C o r p .
" C h e r m a " E l e c t r o n i c s
C h e v r o n  S h i p p i n g  C o .
C o f f i n  T u r b o  P u m p s ,

F M C  C o r p .
C o l t  I n d u s t r i e s ,  I n c .
C o m b u s t i o n  E n g i n e e r i n g ,  I n c .

 C o m p e t i t i o n ,  I n c .
C o n s o l i d a t e d  C o n t r o l s  C o r p .
C u r t i s  W r i g h t  C o r p .
D e  L a v a l  T u r b i n e ,  I n c .
D r e w r y  ( H P )  S h i p p i n g  C o n s u l t a n t s ,

L t d . ,  
E n g i n e e r i n g  C o n t r o l s  D i v .

E m p e i r i k o s  S h i p p i n g
E x x o n  C o . ,  U S A
I f o s t e r  W h e e l e r  C o r p .
G e n e r a l  D y n a m i c s  C o r p .

Q u i n c y  S h i p b u i l d i n g  D i v .
G e n e r a l  E l e c t r i c  C o .
G e n e r a l  M o t o r s ,  I n c . ,  E M D
G e n e r a l  R e g u l a t o r  C o .
G e t t y  O i l  C o .
G o u l d  P u m p s ,  I n c .
G r a h a m  M a n u f a c t u r i n g  C o .
I n g a l l s  S h i p b u i l d i n g ,

D i v . o f  L i t t o n  I n d u s t r i e s
K a r a g e o r g i s  M .  S h i p p i n g
K e l s o  H a r i n e ,  I n c .
L a k e s  C a r r i e r s  A s s o c i a t i o n

L i v i n g s t o n  S h i p b u i l d i n g  C o .
L i t t o n  i n d u s t r i e s  M a r i n e  G r o u p
L o c k h e e d  S h i p b u i l d i n g  S  C o n -

s t r u c t i o n  C o .
L u f k i n  I n d u s t r i e s ,  I n c .
L y k e s  B r o s . S t e a m s h i p  C o . ,  I n c .
M a r a t h o n  M a n u f a c t u r i n g  C o .
M a r i n e  T r a n s p o r t  L i n e s ,  I n c .
M a r i t i m e  T r a n s p o r t  R e s e a r c h
M a r y l a n d  S h i p b u i l d i n g  &  D r y d o c k  C o .
M o b i l e  O i l  C o r p
N a t i o n a l  S t e e l  &  S h i p b u i l d i n g  C o .
N A V S E A
NAVSEC
N e w p o r t  N e w s  S h i p b u i l d i n g  &

D r y d o c k  C o .
N i a r c h o s  S h i p y a r d s
N i s s h o - l w a i  A m e r i c a n  C o r p .
N . J .  G o u l a n d r i s  S h i p p i n g
P r u d e n t i a l  G r a c e  L i n e s ,  I n c .
S e a  L a n d  S e r v i c e s ,  I n c .
S e a t r a i n  S h i p b u i l d i n g  C o r p .
S h e l l  O i l  C o .
S t a l - L a v a l ,  I n c .
S u n  S h i p b u i l d i n g  &  D r y d o c k  C o .
T e x a c o  I n c .
T h e  F a l k  C o r p .
T h e  T e r r y  S t e a m  T u r b i n e  C o .
T o d d  S h i p y a r d s  C o r p .
T u r b o - D y n e  C o r p .
T u r b o  P o w e r  &  M a r i n e  C o r p .
U n i t e d  T a n k e r  C o r p . ,

U n i t e d  T a n k e r ,  L t d .
W a r r e n  P u m p  C o .
W a s t e  H e a t  E n g i n e e r i n g  C o .
W e s t e r n  G e a r ,

H e a v y  M a c h i n e r y  D i v .
W e s t i n g h o u s e  E l e c t r i c  C o r p .
W h i t e  I n d u s t r i a l  P o w e r ,  I n c .

A l c o a  E n g i n e s  D i v .
W o r t h i n g t o n  T u r b i n e  I n t e r n a t i o n a l
U . S .  C o a s t  G u a r d ,  W a s h i n g t o n ,  D . C .
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F o r  t h i s  r e a s o n ,  t h e  i n f l u e n c e  o f  t h e  m a r i n e  i n d u s t r y  u p o n  e q u i p -

m e n t  s u p p l i e r s  i s  n o t  s t r o n g .

T h e  s t a n d a r d s  u t i l i z e d  b y  e a c h  m a n u f a c t u r e r  g e n e r a l l y  d o

n o t  r e l a t e  t o  t h o s e  o f  h i s  c o m p e t i t o r s . F o r  e x a m p l e ,  H . P .  t u r -

b i n e s  o f  e a c h  m a n u f a c t u r e r  a r e  s u p p l i e d  i n  f r a m e  s i z e s  w h i c h  c o v e r

a  r a n g e  o f  h o r s e p o w e r s . L . P .  t u r b i n e s  a r e  s u p p l i e d  i n  f r a m e

s i z e s  w i t h  r a n g e s  w h i c h  o v e r l a p  t h e  H . P .  r a n g e s . A  c o m b i n a t i o n

o f  H . P . a n d  L . P . t u r b i n e s  c a n  b e  s u p p l i e d  t o  c o v e r  t h e  r e q u i r e d

s h i p ’ s  h o r s e p o w e r  b y  c o m b i n i n g  d i f f e r e n t  f r a m e  s i z e s . E a c h  m a n u -

f a c t u r e r  u s e s  d i f f e r e n t  h o r s e p o w e r  r a n g e s  f o r  h i s  f r a m e  s i z e s ,

r e s u l t i n g  i n  n o n c o m p a t i b i l i t y  o f  t u r b i n e s  a m o n g  c o m p e t i t o r s .

N a t i o n a l  s t a n d a r d s  g e n e r a l l y  a r e  u t i l i z e d  o n l y  i n  t h e

l o w e s t  l e v e l  o f  m a c h i n e r y  c o m p o n e n t s . S t a n d a r d s  w h i c h  a r e  c o m -

m o n l y  u s e d  i n  s h i p b u i l d i n g  i n c l u d e  s c r e w  t h r e a d s ,  p i p e  a n d  t u b e

s i z e s , f i t t i n g s ,  v a l v e s , e l e c t r i c  m o t o r  f r a m e s ,  w i r i n g  a n d

j u n c t i o n s .

M a t e r i a l s  f o r  u s e  i n  p i p i n g  s y s t e m s  a n d  e q u i p m e n t  a r e

n o t  u s u a l l y  i n c l u d e d  i n  s t a n d a r d s . H o w e v e r , t h e r e  a r e  r e c o m -

m e n d e d  m a t e r i a l s  w h i c h  a r e  c o m m o n l y  u s e d  i n  p a r t i c u l a r  s y s t e m s

a n d  f o r  p a r t i c u l a r  a p p l i c a t i o n s . U . S .  C o a s t  G u a r d ,  A m e r i c a n

B u r e a u  o f  S h i p p i n g  a n d  M a r i t i m e  A d m i n i s t r a t i o n  e a c h  h a v e  r e g u -

l a t i o n s  w h i c h  s e t  s o m e  m a t e r i a l  s t a n d a r d s . G o o d  m a r i n e  e n g i -

n e e r i n g  p r a c t i c e  d i c t a t e s  m a n y  m a t e r i a l  t y p e  s t a n d a r d s . M a n y
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p r o b l e m s  e n c o u n t e r e d  i n  p u r c h a s i n g  a n d  d e l i v e r y  s c h e d u l e  o f

e q u i p m e n t  c o u l d  b e  e l i m i n a t e d  b y  t h e  u s e  o f  m a t e r i a l  s t a n d a r d s .

F o r  e x a m p l e , i f  o n e  p a r t i c u l a r  m a t e r i a l  w e r e  s t a n d a r d  f o r  a

g i v e n  u t i l i z a t i o n  ( s u c h  a s  C o p p e r  N i c k e l  p i p e  f o r  s a l t  w a t e r

a p p l i c a t i o n ) ,  t h e  e q u i p m e n t  s u p p l i e r  c o u l d  b e  s e t  u p  f o r  m a n u -

f a c t u r e  u s i n g  t h a t  m a t e r i a l  f o r  o r d e r s  f r o m  d i f f e r e n t  s h i p y a r d s .

P r e s e n t  c o m m o n  p r a c t i c e  d i c t a t e s  t h a t  a n  o r d e r  f r o m  o n e  s h i p y a r d ,

w i t h  a  d i f f e r e n t  m a t e r i a l  f r o m  t h a t  o f  a n o t h e r ,  c a u s e s  a  d e l a y

u n t i l  t h e  e q u i p m e n t  s u p p l i e r  c a n  b r e a k  i n t o  t h e  m a n u f a c t u r i n g

c y c l e  t o  c h a n g e  m a t e r i a l s .

I t  m a y  b e  c o n c l u d e d  f r o m  t h e  f o r e g o i n g  t h a t  t h e r e  i s  a

n e e d  f o r  m a t e r i a l  s t a n d a r d s - a n d  t h a t  t h e s e  s t a n d a r d s  w o u l d  n o t

b e  d i f f i c u l t  t o  w r i t e . H o w e v e r , s h i p y a r d  d e s i g n  p e r s o n n e l  a n d

s h i p  o w n e r s  h a v e  e x p r e s s e d  o p p o s i t i o n  t o  t h e s e  s t a n d a r d s . T h e y

w i s h  t o  h a v e  c o m p l e t e  f r e e d o m  i n  m a t e r i a l  s e l e c t i o n  a n d  f e a r

t h a t  s e t t i n g  m a t e r i a l  s t a n d a r d s  w o u l d  f u r t h e r  i n c r e a s e  d e l a y s

i n  s e l e c t i o n  o f  n o n - s t a n d a r d  m a t e r i a l s .

4 . 3 . 3 S T A N D A R D S  U T I L I Z A T I O N  P R A C T I C E S  I N  O T H E R  I N D U S T R I E S

A  r e v i e w  o f  o t h e r  i n d u s t r i e s  t o  d e t e r m i n e  s t a n d a r d s

p r a c t i c e s  w h i c h  m a y  b e .  a p p l i c a b l e  t o  t h e  m a r i n e  p r o p u l s i o n

i n d u s t r y  h a s  u n c o v e r e d  t h e  f o l l o w i n g :

A . A i r c r a f t  a n d  a u t o m o t i v e  i n d u s t r i e s  s h o w  v e r y  l i m i t -

e d  u t i l i z a t i o n  o f  n a t i o n a l  s t a n d a r d s . S t a n d a r d s  u t i l i z a t i o n  i s

r e s t r i c t e d  t o  p a r t s  s u c h  a s  t h r e a d s  a n d  b e a r i n g s . C o m p o n e n t s

a n d  s y s t e m s  a r e  s t a n d a r d i z e d  b y  i n d i v i d u a l  m a n u f a c t u e r T h e
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l a r g e  q u a n t i t y  o f  u n i t s  m a s s  p r o d u c e d  i n  t h e s e  i n d u s t r i e s  a l l o w s

s a v i n g s  b y  u s e  o f  c o m p a n y  s t a n d a r d s . I n  t h e  a i r c r a f t  i n d u s t r y ,

w h e n  f e a s i b l e , p r o p u l s i o n  e n g i n e s  d e s i g n e d  f o r  o n e  t y p e  a i r -

c r a f t  a r e  s o m e t i m e s  u t i l i z e d  o n  a n o t h e r  t y p e  a i r c r a f t . T h e  m a i n

p u r p o s e  i s  t o  r e d u c e  d e v e l o p m e n t  c o s t s  a n d  t i m e  w h i c h  a r e  m a j o r

i t e m s  i n  t h a t  i n d u s t r y . H o w e v e r , c o m p e t i t i v e  e n g i n e  m a n u f a c t u r -

e r s  m a k e  n o n - s t a n d a r d  d i f f e r e n t  e n g i n e s  f o r  s i m i l a r  a p p l i c a t i o n s .

B . T h e  o f f  s h o r e  d r i l l i n g  i n d u s t r y  o f f e r e d  s o m e

b a s i s  f o r  c o m p a r i s o n . A g a i n ,  n a t i o n a l  s t a n d a r d s  u t i l i z a t i o n

i s  l i m i t e d  t o  c o m p o n e n t s  s i m i l a r  t o  o t h e r  i n d u s t r i e s . H o w e v e r ,

s o m e  i n d u s t r y  s t a n d a r d  p r a c t i c e  i s  w o r t h  n o t i n g .

1 . M o d u l a r i z a t i o n  ( s k i d m o u n t e d )  o f  s y s t e m s  i s

c o m m o n  i n  t h e  i n d u s t r y . C o m p a n i e s  “ s p e c i a l -

i z e  i n  p a c k a g i n g  o f  t h e s e  s y s t e m s  a n d  m a r k e t

t h e s e  t o  t h e  e n t i r e  i n d u s t r y . S o m e  s y s t e m s

w h i c h  a r e  c o m m o n  m o d u l e s  i n c l u d e  p r o p u l s i o n

d i e s e l  g e n e r a t o r  s e t s , w a t e r  p u m p i n g  s y s t e m s ,

e t c .

2 . M o t o r s  a n d  p u m p s  a r e  s t a n d a r d  s i z e  o n  a  s h i p .

F o r  e x a m p l e , p u m p s  f o r  t h e  m u d  s y s t e m ,  d r i l l

w a t e r  s y s t e m ,  b i l g e  s y s t e m ,  b a l l a s t  s y s t e m ,  

a n d  c i r c u l a t i n g  w a t e r  s y s t e m  a r e  a l l  t h e  s a m e

s i z e . T h e  q u a n t i t y  o f  p u m p s  r e q u i r e d  f o r  .

e a c h  s y s t e m  i s  a d j u s t e d .
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3 . O w n e r s  U s e  f l e e t  w i d e  s t a n d a r d s . T h a t  i s ,  o n e

m a n u f a c t u r e r ’ s  p r o d u c t  w i l l  b e  s t a n d a r d  f o r  a l l

o f  t h e  o w n e r ’ s  f l e e t . T h i s  r e d u c e s  c o s t s  i n

s e v e r a l  w a y s . P u r c h a s i n g  c o s t s ,  d e s i g n  c o s t s ,

s p a r e  p a r t s  c o s t s  a n d  m a i n t e n a n c e  c o s t s  a r e

a l l  r e d u c e d . I n s t a l l a t i o n  i s  f a c i l i t a t e d  b y

f a m i l i a r i t y .

4 . T h e  e n t i r e  i n d u s t r y  u s e s  c o m m o n l y  s i z e d  e q u i p -

m e n t  w h e n  p o s s i b l e . T h i s  i s  a  p r a c t i c a l  c o n -

s i d e r a t i o n  r a t h e r  t h a n  a  p u b l i s h e d  s t a n d a r d .

F o r  i n s t a n c e , 7 5 0  H P  D . C .  m o t o r s  a r e  c o m m o n l y

u s e d  t h r o u g h o u t  t h e  i n d u s t r y  t o  d r i v e  t h e  d r i l l -

i n g  e q u i p m e n t  a s  w e l l  a s  t h e  s h i p ’ s  e q u i p m e n t .

c . T h e  b u i l d i n g  i n d u s t r y  u s e s  s t a n d a r d  m a d u l e s  i n

c o n s t r u c t i o n  o f  m u l t i p l e  u n i t  d w e l l i n g s . H o w e v e r , t h e  m o d u l e s

a r e  u s u a l l y  s t a n d a r d  w i t h i n  s e v e r a l  m a n u f a c t u r e r s  o n l y . N a t i o n a l

s t a n d a r d s  a r e  u s e d  o n l y  f o r  c o m p o n e n t s  s u c h  a s  p i p i n g ,  f i x t u r e s ,

e t c . R e c e n t  d e v e l o p m e n t s  i n  t h e  i n d u s t r y  i n d i c a t e  t h a t  s t a n d a r d

m o d u l e s  ( s u c h  a s  e n t i r e  b a t h r o o m  m o d u l e )  m a y  b e  r e a l i z e d  i n  t h e

n e a r  f u t u r e . P r o b l e m s  w h i c h  h a v e  d e v e l o p e d  w h i c h  a r e  p a r a l l e l

t o  t h o s e  i n  t h e  m a r i n e  i n d u s t r y  a r e  p a c k a g i n g ,  h a n d l i n g  a n d

s h i p p i n g -  o f  t h e s e  m o d u l e s . S i z e s  m u s t  b e  k e p t  w i t h i n  s h i p p i n g

m o d e  l i m i t a t i o n s  a n d  h a n d l i n g  o f  t h e  l a r g e  m o d u l e s  a t  r e m o t e

s i t e s  p r o v e s  d i f f i c u l t .
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4 . 3 . 4 E X P E R I E N C E  O F  F O R E I G N  S H I P B U I L D I N G  I N D U S T R I E S

T h e  e x p e r i e n c e , i n  s t a n d a r d i z a t i o n ,  o f  t h e  f o r e i g n

s h i p b u i l d i n g  i n d u s t r y  i s  q u i t e  i m p o r t a n t  t o  t h i s  s t u d y  b e c a u s e

o f  i t s  r e l a t i v e  p o s i t i o n i n  t h e  w o r l d  m a r k e t  a n d  i t s  h i s t o r y  o f

s u c c e s s . R e p r e s e n t a t i v e s  o f  t h e  J a p a n e s e  a n d  E u r o p e a n  s h i p -

b u i l d i n g  i n d u s t r i e s  w e r e i n t e r v i e w e d  t o  a s c e r t a i n  t h e i r  v i e w s

o n  s t a n d a r d s / s t a n d a r d i z a t i o n  o f  m a r i n e  p r o p u l s i o n  p l a n t s  a n d

c u r r e n t / f u t u r e  s t a n d a r d s  a n d  a u t o m a t i o n  p r a c t i c e s . A d m i t t e d l y ,

J a p a n e s e  s h i p y a r d s  a r e i n  a  m u c h  s t r o n g e r  p o s i t i o n  w i t h  r e s p e c t

t o  t h e i r  n a t i o n a l  e c o n o m y  t h a n  U . S . s h i p y a r d s  a r e  i n  t h e  U n i t e d

S t a t e s . I n  a d d i t i o n ,  U . S . s h i p y a r d s  c o u l d  n e v e r  a t t a i n  t h i s  r e -

l a t i v e  p o s i t i o n  b e c a u s e  o f  t h e  s t r u c t u r e  o f  t h e  s h i p b u i l d i n g

f i r m s  a n d  t h e i r  r e l a t i o n  t o  t h e  " A n t i - T r u s t  L a w s . " I t  i s  i n t e r -

e s t i n g  t o  n o t e  t h e  m e t h o d s  e m p l o y e d  i n  J a p a n . B e s i d e s  r e c e i v i n g

a  l a r g e  a m o u n t  o f  g o v e r n m e n t  s u p p o r t  a n d  o w n i n g / o p e r a t i n g  t h e

s t e e l  i n d u s t r y  a n d  o t h e r  r e l a t e d  i n d u s t r i e s ,  t h e  J a p a n e s e  s h i p -

b u i l d e r s  c o o p e r a t e  w i t h  e a c h  o t h e r . T h e y  h a v e  n o t  l o s t  t h e  c o m -

p e t i t i v e n e s s  b e t w e e n i n d i v i d u a l  y a r d s ,  b u t  t h e y  d e a l  i n  s u c h  a

m a n n e r  a s  t o  m a k e  t h e m s e l v e s  m o s t  C o m p e t i t i v e  w i t h  e v e r y  s h i p -

b u i l d i n g  i n d u s t r y  i n  t h e  w o r l d . F o r  e x a m p l e , a  c o u n c i l  o f

J a p a n e s e  s h i p b u i l d e r s  m e t  f o r  t h e  p u r p o s e  o f  s t a n d a r d i z i n g  t h e

s i z e  o f  s u p e r  t a n k e r s  u p  t o  a  m i l l i o n  t o n s  a n d  t o  d e t e r m i n e  t h e

m a r k e t  f o r  s u c h  t a n k e r s . T h e y  a g r e e d  t o  b u i l d  o n l y  o n e  s i z e

v e s s e l  a n d  t h e n  e a c h  s h i p b u i l d e r  d e v e l o p e d  h i s  o w n  s t a n d a r d  s h i p

t a i l o r e d  t o  t h e  c a p a b i l i t i e s  o f  h i s  i n d i v i d u a l  f a c i l i t y .
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A  g r e a t  d e a l  o f  c r e d i t  f o r  t h e  J a p a n e s e  s h i p b u i l d i n g

s u c c e s s  i s  d e r i v e d  f r o m  t h e  a b o v e  m e n t i o n e d  f o r m  o f  c o o p e r a t i o n

b e t w e e n  s h i p b u i l d e r s  a n d  t h e  f a c t  t h a t  t h e y  c a n  u s e  s e r i e s  p r o -

d u c t i o n ;  b u t  a l s o  i m p o r t a n t  t o  t h e i r  s u c c e s s f u l  p o s t u r e  i n  t h e

i n d u s t r y  i s  t h e  e x t e n s i v e  d e g r e e  o f  a u t o m a t e d  w e l d i n g  t e c h n i q u e

w h i c h  t h e y  e m p l o y .

T h e  s t r u c t u r e  o f  J a p a n e s e  s h i p b u i l d i n g  c o m p a n i e s  i s  s u c h

t h a t  c o m p a n y  s t a n d a r d s  m a y  b e  s u c c e s s f u l l y  e m p l o y e d . T h i s  p a r -

a l l e l s  n a t i o n a l  s t a n d a r d s . T h e  s h i p s  a r e  d e s i g n e d  g e n e r a l l y  a t

a  c e n t r a l  o f f i c e  w h i c h  i s  u s u a l l y  a t  c o r p o r a t e  h e a d q u a r t e r s  i n

t h e  s e v e r a l  s h i p y a r d s  l o c a t e d  a t  v a r i o u s  p o i n t s  t h r o u g h o u t  J a p a n .  

T h e  d e s i g n s  a r e  o n l y  a l t e r e d  a s  r e q u i r e d  t o  a c c o m m o d a t e  t h e  p e -  

c u l i a r i t i e s  o f  t h e  f a c i l i t y  o f  c o n s t r u c t i o n . E q u i p m e n t  i s  c e n -

t r a l l y  p r o c u r e d . I n  a d d i t i o n , i n  t h e  p r e s e n t  m a r k e t ,  s h i p s  a r e

m a r k e t e d  b y  t h e  s h i p b u i l d e r  w i t h  v e r y  l i t t l e  m o d i f i c a t i o n ,  s o

t h a t  t h e  a d v a n t a g e s  o f  s e r i e s  p r o d u c t i o n  m a y  b e  r e a l i z e d .

I n  r e v i e w  o f  s o m e  J a p a n e s e  d e s i g n s ,  o n e  c a n  n o t e  t h e

p a c k a g i n g  o r  m o d u l a r i z a t i o n  o f  e q u i p m e n t  a n d  s y s t e m s . F o r

i n s t a n c e ,  t h e  f u e l  o i l  s e r v i c e  s y s t e m  i s  p a c k a g e d  a s  a  u n i t .

( T h i s  i s  a l s o  a c c o m p l i s h e d  b y  s o m e  o f  t h e  s u c c e s s f u l  U . S .  s h i p -

y a r d s  a n d  i s  b e i n g  e v a l u a t e d  a s  a  s t a n d a r d  c a n d i d a t e  i n  t h i s

s t u d y . )

T h e  E u r o p e a n  s h i p b u i l d i n g  r e p r e s e n t a t i v e s  w e r e  l e s s
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o n  s t a n d a r d i z a t i o n . S o m e  f e e l  s t a n d a r d i z a t i o n  w o u l d  g r e a t l y

r e d u c e  s h i p b u i l d i n g ' c o s t s ,  a n d  a r e  f a v o r a b l e  t o w a r d s  t h e  c o n c e p t ,

b u t  b e l i e v e  i t  t o  b e  a  t r e m e n d o u s l y  d i f f i c u l t  t a s k  t o  a c c o m p l i s h

d u e  t o  r e s i s t a n c e  i n  t h e  i n d u s t r y .

T h e  E u r o p e a n  s h i p o w n e r s , w h i c h  w e r e  s u r v e y e d ,  h a d  a  d i f -

f e r e n t  v i e w . T h e y  s t a t e d  - " a s  t h e  s i t u a t i o n  s t a n d s  t o d a y ,  s h i p -

o w n e r s  c a n  s t i l l  c o m m a n d  a n d  r e c e i v e  q u a l i t y  a n d  e x p e d i e n c y  f r o m

n u m e r o u s  , a n d  c o m p e t i n g  s h i p y a r d s . " T h e y  f e e l  t h a t  t h e y  m i g h t

l o s e  t h i s  p o s i t i o n i f  s t a n d a r d s  a r e  u t i l i z e d  f o r  e q u i p m e n t ,  s y s -

t e m s ,  o r  t o t a l  p r o p u l s i o n  p l a n t s .

T h e r e  i s  s o m e  e v i d e n c e  o f  s t a n d a r d s  u t i l i z a t i o n  i n  t h e

E u r o p e a n  s h i p b u i l d i n g  i n d u s t r y . H o w e v e r ,  a g a i n  i t  i s  u s u a l l y

c o m p a n y  o r i e n t e d . D i e s e l  e n g i n e s  a r e  t h e  m o s t  c o m m o n  p r o p u l s i v e

p r i m e  m o v e r . O f  t h e  2 9 0 0  s h i p s  c a r r i e d  i n  t h e  w o r l d  o r d e r  b o o k s

i n  J a n u a r y  o f  1 9 7 4 , 2 5 0 0  w e r e  t o  h a v e  d i e s e l  p r o p u l s i o n . I n  t h e  

l a r g e  t o n n a g e  s h i p s  ( 1 5 0 , 0 0 0  D W T  a n d  o v e r ) ,  o f  2 4 0  s h i p s  o r d e r e d

o n l y  2 0  w e r e  t o  b e  d i e s e l  d r i v e n . I n  t h e  U n i t e d  K i n g d o m ,  d i e s e l

e n g i n e  m a n u f a c t u r e r s  u t i l i z e  n a t i o n a l  s t a n d a r d s . H o w e v e r ,  t h i s

i s  d u e  t o  t h e  u n i t i n g  o f  t h e  d i e s e l  e n g i n e  c o r p o r a t i o n s  i n t o  o n e

u n i t  f o r  e c o n o m i c  e x p e d i e n c y . T h e  m a j o r  d i e s e l  e n g i n e  m a n u f a c t u r -

e r s  i n  E u r o p e  d o  n o t  u s e  n a t i o n a l  o r  E u r o p e a n  s t a n d a r d s . H o w e v e r ,

t h e r e  i s  a  t e n d e n c y  t o w a r d s  c o o p e r a t i o n  b e t w e e n  c o m p e t i t o r s  f o r

c o m m o n  g a i n . F o r  e x a m p l e ,  t w o  m a j o r  e n g i n e  m a n u f a c t u r e r s  c o m b -

b i n e d  s e r v i c e s  t o  m a r k e t  o n e  p a r t i c u l a r  e n g i n e .
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m a t r i x  a t t a c h e d  t o  t h i s  r e p o r t . ( S e e  T a b l e s  4 - 2  a n d  4 - 1 0 )  T h e

g r a d e s  w e r e  t h e n  r e v i e w e d  b y  t w o  l e v e l s  o f  e n g i n e e r i n g  m a n a g e -

m e n t . T h e  t o t a l  g r a d e  f o r  e a c h  s t a n d a r d s  c a n d i d a t e  w a s  u s e d  f o r

t h e  f i n a l  t e c h n i c a l  s e l e c t i o n ;  t h o s e  c a n d i d a t e s  w h i c h  r e c e i v e d

a  s c o r e  o f  7 0  w a s  c h o s e n  s o  t h a t  a  g r a d e  o f  m o r e  t h a n  2 5 %  f o r

t e c h n i c a l  f e a s i b i l i t y  o r  e c o n o m i c  p o t e n t i a l  w o u l d  b e  r e q u i r e d

b e f o r e  a  c a n d i d a t e  c o u l d  b e  s e l e c t e d  f o r  f u r t h e r  s t u d y . I t  w a s

a l s o  c o n c l u d e d  t h a t  i n  o r d e r  t o  c h o o s e  s u c c e s s f u l  c a n d i d a t e s ,  a

s c o r e  w e l l  a b o v e  t h e  5 0 %  a v e r a g e  w a s  r e q u i r e d .

4 . 5  D E T E R M I N A T I O N  O F  S T A N D A R D S

4 . 5 . 1 E V A L U A T I O N  O F  L E V E L  A N D  T Y P E

T h e  $ o t e n t i a l  o f  e a c h  o f  t h e  s t a n d a r d s  p a r a m e t e r s  w a s

i n v e s t i g a t e d  b y  " t y p e "  f o r  p e r f o r m a n c e , o p e r a t i n g  c h a r a c t e r i s t i c s ,

i n t e r f a c e , p a c k a g i n g  a n d  s o f t w a r e  t y p e  a n d  a t  t h e  " l e v e l s "  o f

t o t a l  p a c k a g e ,  m a j o r  s y s t e m , m a i n  e q u i p m e n t / s u b - s y s t e m ,  a n d

e q u i p m e n t / c o m p o n e n t  

T h e  p o t e n t i a l  o f  e a c h  s t a n d a r d s  p a r a m e t e r  w a s  e v a l u a t e d

f o r  u s e  i n  " s t a n d a r d s "  a t  i t s  r e s p e c t i v e  " t y p e "  a n d  " l e v e l .  "  A

r e v i e w  o f  t h e  p a r a m e t e r s  w i t h  t h e  g r e a t e s t  p o t e n t i a l  i n d i c a t e d

t h a t  t h e  s a m e  t y p e  p a r a m e t e r s  a p p e a r e d  a t  m o r e  t h a n  o n e  l e v e l

a n d  m a n y  p a r a m e t e r s  o f  d i f f e r e n t  t y p e s  w e r e  i n t e r d e p e n d e n t .

S i n c e  m a n y  s i m i l a r i t i e s  e x i s t e d  b e t w e e n  p a r a m e t e r s  a t  d i f f e r e n t

l e v e l s  a n d  t y p e s , i t  w a s  d e c i d e d  t o  g r o u p  t h e  p a r a m e t e r s  i n t o

l o g i c a l  c a t e g o r i e s , t h e r e b y  s y n t h e s i z i n g  t h e  " s t a n d a r d . 1 "  
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4 . 5 . 2 G R O U P I N G S  O F  P A R A M E T E R S

T h e  t o t a l  p a c k a g e  l e v e l ,  G r o u p  1 ,  c o n s i s t s  o f  s t a n d a r d s

p a r a m e t e r s  w h i c h  c a n  b e  u t i l i z e d  t o  d e s i g n  t h e  t o t a l  p r o p u l s i o n

p l a n t . T a b l e  4 - 3  i s  t h e  G r o u p  1  l i s t i n g  f o r  t h e  s t e a m  p r o p u l - .

s i o n  p l a n t .

T h e  S y s t e m s / E q u i p m e n t  M o d u l e s  f o r m  G r o u p  I l . T h e  p r i -

m a r y  s t a n d a r d s  p a r a m e t e r s  f o r  e a c h  m o d u l e  w o u l d  b e  i t s  i n t e r -

f a c e  a n d  p a c k a g i n g ;  t h e  s u p p o r t i n g  s t a n d a r d s  w o u l d  b e  t h e  p e r -

f o r m a n c e  a n d  o p e r a t i o n  o f  t h e  m o d u l e  a s  a  s y s t e m  a s  w e l l  a s  i t s

c o m p o n e n t  e q u i p m e n t  w h e r e  a p p l i c a b l e . T h e  m o d u l e s  a r e  a t  t w o

l e v e l s ,  v i z . M a j o r  E q u i p m e n t / S u b S y s t e m  a n d  E q u i p m e n t / C o m p o n e n t .

T a b l e  4 - 4  i s  t h e  G r o u p  I I  l i s t i n g  f o r  t h e  s t e a m  p r o p u l s i o n  p l a n t .

S i m i l a r  l o g i c  w a s - u s e d  t o  d e v e l o p  G r o u p  I l l ,  E q u i p m e n t

E n v e l o p e s  a n d  G r o u p  I V , I n d i v i d u a l  E q u i p m e n t / C o m p o n e n t s .  T a b l e s

4 - 5  a n d  4 - 6  a r e  t h e  G r o u p  I l l  a n d  I v  l i s t i n g s  f o r  t h e  s t e a m  p r o -

p u l s i o n  p l a n t .

A  d e t a i l e d  d i s c u s s i o n  o f  t h e  g r o u p i n g  o f  t h e  f o u r  m a j o r

c a t e g o r i e s  c a n  b e  f o u n d  i n  s u b s e c t i o n  4 . 5 . 3 .

4 . 5 . 2 . 1 E v a l u a t i o n  o f  S t e a m  T u r b i n e  P r o p u l s i o n

S t a n d a r d s  P a r a m e t e r s

A f t e r  c o m p l e t i o n  o f  t h e  g r a d i n g  s h e e t s ,  t h e

f i r s t  s t e p  u s e d  i n  t h i s  e v a l u a t i o n  w a s  t o  s e l e c t  t h e  p a r a m e t e r s

w h i c h  r e c e i v e d  a  s c o r e  a b o v e  7 0  t o t a l  p o i n t s . T o  f u r t h e r  s i m -

p l i f y  t h e  e v a l u a t i o n ,  t h e  p a r a m e t e r s  w e r e  i n s p e c t e d  f o r  t h e i r



i n t e r r e l a t i o n s h i p  w i t h  o t h e r s : e .  g . , t h e  s t e a m  p r o p u l s i o n  p l a n t ’ s

S H P ,  f u e l  r a t e , s t e a m  c o n d i t i o n s ,  c o n d e n s a t e  c o n d i t i o n s ,  f e e d

c o n d i t i o n s , n u m b e r  o f  h e a t i n g  s t a g e s ,  a n d  n u m b e r  o f  b o i l e r s  a r e

i n t e r d e p e n d e n t  w i t h  e a c h  o t h e r  a n d  t h e  s t a n d a r d  h e a t  b a l a n c e ,  

g e n e r a l  s p e c i f i c a t i o n s  a n d  p r o c u r e m e n t s  s p e c i f i c a t i o n s .

N O T E : I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  a l t h o u g h
t h e  s t a n d a r d  e n g i n e  r o o m  a r r a n g e m e n t  r e -
c e i v e d  a  g r a d e  w h i c h  w a s  i n s u f f i c i e n t  t o
c o n s i d e r  i t  f o r  f u r t h e r  e v a l u a t i o n  a n d  
p o s s i b l e  s t a n d a r d i z a t i o n ,  a r r a n g e m e n t  d r a w -
i n g s ,  p i p i n g  d r a w i n g s ,  p r e f o r m e d  p i p e  a n d
p i p i n g  i n t e r f a c e s , w h i c h  a r e  i n t e r d e p e n d e n t
w i t h  e n g i n e  r o o m  a r r a n g e m e n t ,  r e c e i v e d
g r a d e s  o f  s u f f i c i e n t  m a g n i t u d e  f o r  s t a n -
d a r d i z a t i o n  s e l e c t i o n . T h i s  a p p e a r e d  i n -
c o n s i s t e n t  s i n c e  i t  w a s  t h o u g h t  t h a t  t h e
s u b o r d i n a t e  p a r a m e t e r s  s h o u l d  h a v e  r e c e i v e d
l o w e r  s c o r e s  t h a n  t h e  e n g i n e  r o o m  a r r a n g e -
m e n t  . H o w e v e r , i t  c a n  b e  e x p e c t e d  d u e  t o
t h e  r e q u i r e m e n t  f o r  a  s t a n d a r d  a r r a n g e m e n t

i n  o r d e r  t o  s t a n d a r d i z e  t h e  d r a w i n g s  o r
t h e  p r e f o r m e d  p i p e . F u r t h e r  i n s p e c t i o n
o f  t h e  s e p a r a t e  c r i t e r i a  g r a d e s ,  r a t h e r
t h a n  t h e  t o t a l  g r a d e ,  s u p p o r t e d  t h e  h y p o -
t h e s i s  t h a t  t h e  s u b o r d i n a t e  p a r a m e t e r s
a r e  r a t e d  l o w e r  t e c h n i c a l l y ,  b u t  r e c e i v e d
h i g h e r  t o t a l  g r a d e s  s i n c e  e a c h  h a d  a  h i g h e r
p o t e n t i a l  f o r  c o s t  s a v i n g s  t h a n  t h e  e n g i n e
r o o m  a r r a n g e m e n t . T h e  q u e s t i o n  t h e n  a r i s e s :
d o e s  t h e  e n g i n e  r o o m  a r r a n g e m e n t  w a r r a n t  a
h i g h e r  e c o n o m i c  p o t e n t i a l  s i n c e  i t  w i l l  a l -
l o w  t h e  a c c e p t a n c e ,  f o r  f u r t h e r  s t u d y ,  o f
t h e  s u b o r d i n a t e  p a r a m e t e r s  w h o s e  p o t e n t i a l
i s  d i r e c t l y  r e l a t e d  t o  a n d  p a r t  o f  t h a t  o f
t h e  e n g i n e  r o o m  a r r a n g e m e n t ’ s  e c o n o m i c  p o -
t e n t i a l ? I t  w a s  c o n c l u d e d  t h a t  t h e  e n g i n e
r o o m  a r r a n g e m e n t  a n d  i t s  s u b o r d i n a t e  p a r a -
m e t e r s  s h o u l d  b e  e c o n o m i c a l l y  a n a l y z e d .
S h o u l d  t h i s  a n a l y s i s  r e s u l t  i n  p r o m i s i n g
c o s t  s a v i n g s ,  t h e  s u b o r d i n a t e  p a r a m e t e r s
s h o u l d  b e  s e l e c t e d  f o r  f u r t h e r  s t u d y  t o
a s c e r t a i n  t h e i r  r e l a t i v e  e c o n o m i c  p o t e n t i a l .
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a r r a n g e m e n t  b e  m a d e  s t a n d a r d , t h e  a r r a n g e m e n t  d r a w i n g s ,  p i p i n g

d r a w i n g s ,  p r e f o r m e d  p i p e - a n d  p i p i n g  i n t e r f a c e s  c a n  a l s o  b e  m a d e

s t a n d a r d . l n s p e c t i , n g  t h e  p a r a m e t e r s  a t  t h e  l o w e r  l e v e l s  f o r

t h i s  t y p e  o f  s t a n d a r d , o n e  f i n d s  t h e  f o l l o w i n g  p o s s i b l e  s t a n d a r d s :

S t e a m  S y s t e m s :
 

P r e f o r m e d  P i p e
P i p i n g  i n t e r f a c e s

C o n d e n s a t e  S y s t e m :
P i p i n g  I n t e r f a c e s

T h e s e  s t a n d a r d s  c a n  o n l y  b e  d e v e l o p e d  i f  t h e

e n g i n e  r o o m  a r r a n g e m e n t  b e c o m e s  s t a n d a r d  a n d - t h e  e n t i r e  p r o p u l -

s i o n  p l a n t ’ s  s y s t e m / e q u i p m e n t  a r e  i d e n t i f i e d  a n d  d e f i n e d . T h e r e -

f o r e , i t  a p p e a r s  f e a s i b l e  t o  g r o u p  t h e  s t a n d a r d s  p a r a m e t e r s  f o r

t h e  t o t a l  p a c k a g e  l e v e l  t o g e t h e r  s i n c e  t h e y  a r e  i n t e r r e l a t e d .

T h i s  g r o u p i n g  w i l l  b e  c a l l e d  G R O U P  1 -  T o t a l  P r o p u l s i o n  P l a n t s .

A l s o  c o n t a i n e d  i n  t h i s  g r o u p  a r e  U . S . C . G .  a n d  A . B . S .  a p p r o v a l s ,

i n s t a l l a t i o n  d r a w i n g s  a n d  c a l c u l a t i o n s  w h i c h  r e s u l t  f r o m  t h e

s t a n d a r d i z a t i o n  o f  t h e  o t h e r  c a n d i d a t e s .

L i n e  s h a f t i n g  s h i p p i n g  s u p p o r t s  ( a t  t h e  m a j o r

s y s t e m s  l e v e l )  a n d  s t r u c t u r a l  m o d u l e s  ( a t  t h e  t o t a l  p a c k a g e

l e v e l )  a r e  p a r a m e t e r s  w h i c h  a l s o  r e c e i v e d  g r a d e s  s u f f i c i e n t  t o

b e  c h o s e n  f o r  f u t u r e  s t u d y . T h e  s u p p o r t s  i n  s h i p p i n g  o f  t h e  l i n e

s h a f t i n g  a r e ,  o f  n e c e s s i t y , a l r e a d y  s t a n d a r d  a n d / o r  d e t e r m i n e d

b y  t h e  m a n u f a c t u r e r s  a n d / o r  s h i p p i n g  a g e n t s . T h e r e f o r e ,  n o

f u r t h e r  c o n s i d e r a t i o n  w i l l  b e  g i v e n  t o  t h i s  c a n d i d a t e .

T h e  s t a n d a r d  s t r u c t u r a l  m o d u l e  i s  a  p a r a m e t e r

w h i c h  i s  s i m i l a r  t o  a  s h i p y a r d  s t a n d a r d  m o d u l e  c o n c e p ~  c u r r e n t l y
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w i t h  t h e  p u r p o s e  o f  a l l o w i n g  c o m p e t i t i v e  d e s i g n s  w h i l e  m a i n t a i n -

i n g  d i m e n s i o n a l  s t a n d a r d s  b e t w e e n  m a n u f a c t u r e r s . I f  a  m a n u f a c -

t u r e r  h a d  t o  c h a n g e ,  h i s  d e s i g n  t o  m e e t  a  s t a n d a r d  i n t e r f a c e

l o c a t i o n ,  h e  w o u l d  f i n d  i t  a n  u n a c c e p t a b l e  s t a n d a r d . ( T h e  m o d -

u l e  c o n c e p t  a l s o  c o n t a i n s  t h i s  e n v e l o p e  w h i c h  d e f i n e s  i n t e r f a c e

l o c a t i o n s )

m e n t  w h i c h

a r e  l i s t e d

1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .

9 .

1 0 .

1 1 .

1 2 .

f a l l  u n d e r

A c c o r d i n g  t o  t h e  g r a d e s  r e c e i v e d ,  t h e  e q u i p -

a r e "  v i a b l e  c a n d i d a t e s  f o r  t h e  e n v e l o p e  t y p e  s t a n d a r d

i n  r e l a t i v e  o r d e r  o f  f e a s i b i l i t y  a s  f o l l o w s :

B o i l e r

M a i n  T u r b i n e  ( c o n t r o l  l o c a t i o n  o n l y )

A i r  P r e h e a t e r

E c o n o m i z e r

C o n d e n s a t e  P u m p

F . O .  S e r v i c e  S y s t e m  ( c o v e r e d  u n d e r  G R O U P  I I )

M a i n  C i r c u l a t i n g  P u m p

L . O .  P u r i f i e r

B r i d g e  R e m o t e  C o n t r o l s

F . O .  S e r v i c e  P u m p s

L . O .  S e r v i c e  P u m p s

A i r  E j e c t o r

S i n c e  t h e s e  p a r a m e t e r s  a r e  r e l a t e d  i n  t h a t  t h e y

t h e  s a m e  c o n c e p t  ( e n v e l o p e d ) ,  t h e y  a r e  a r r a n g e d  t o -

g e t h e r  i n t o  G R O U P  I l l  -  E q u i p m e n t  E n v e l o p e s .
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p u l s i o n  P l a n t s ,  G R O U P  1 , b e c o m e  u n i v e r s a l l y  a c c e p t e d ,  t h e  s t a n  -

d a r d  e q u i p m e n t  i t e m s , G R O U P  I V ,  w i l l  n o  l o n g e r  b e  r e q u i r e d  e x -

c e p t  a s  a  p a r t  o f  G r o u p  1 .

T h e  f o l l o w i n g  t a b u l a t i o n ,  T a b l e  4 - 1 2 ,  l i s t s  .

t h e  s e l e c t e d  c a n d i d a t e s  f o r  s y s t e m s / e q u i p m e n t  a n d  t h e  g r o u p s

t h e y  c o i n c i d e  w i t h . T a b l e s  4 - 3  t h r o u g h  4 - 6  t a b u l a t e  t h e  g r o u p s

w i t h  t h e  a p p r o p r i a t e  c a n d i d a t e s  a n d  p e r t i n e n t  e q u i p m e n t  o r  s y s -

t e m s  w i t h  t h e i r  r e l a t i v e  r a n k  o f  p o t e n t i a l .
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4 . 5 . 2 . 2 E v a l u a t i o n  o f  D i e s e l  P r o p u l s i o n  P l a n t
S t a n d a r d s  C a n d i d a t e s

T h e  r e s u l t s  o f  t h e  g r a d e s  a s s i g n e d  t h e  d i e s e l

p r o p u l s i o n  p l a n t  s t a n d a r d s  p a r a m e t e r s  w e r e  n o t  c o n c l u s i v e . T h i s

i s  i l l u s t r a t e d  i n  F i g u r e  4  - 1 3 ,  w h e r e  i t  c a n  b e  s e e n  t h a t  t h e

g r a d e s  a r e  i n c o n s i s t e n t . T h e  g r a d i n g  w a s  s u c h  t h a t  t w o  o f  t h e

t h r e e  e v a l u a t o r s  a s s i g n e d  g r a d e s  a b o v e  7 0  w h e r e a s  t h e  t h i r d

e v a l u a t o r  a s s i g n e d  g r a d e s  s o  l o w  t h a t  t h e  a v e r a g e  g r a d e  f e l l

b e l o w  t h a t  r e q u i r e d  f o r  f u r t h e r  c o n s i d e r a t i o n . I n  a n y  s t a t i s t i -

c a l  a n a l y s i s , f i g u r e s  w h i c h  a r e  o b v i o u s l y  i n  e r r o r  a r e  r e j e c t e d .

T h i s  w a r r a n t s  t h e  r e j e c t i o n  o f  t h a t  o n e  p o i n t . H o w e v e r ,  i n

t h i s  a p p l i c a t i o n  t h e  i n c o n s i s t e n c i e s  a p p e a r e d  t h r o u g h o u t  t h e

g r a d i n g .

I t , t h e r e f o r e , b e c a m e  a p p a r e n t  t h a t - t h e

n u m e r i c a l  e v a l u a t i o n , s u c h  a s  t h e  o n e  u s e d  f o r  s t e a m  t u r b i n e

p l a n t ,  w a s  n o t  g o i n g  t o  r e s u l t  i n  a  m e a n i n g f u l  s e l e c t i o n  o f

s t a n d a r d s  p a r a m e t e r s  f o r  t h e  m e d i u m  s p e e d  d i e s e l  p l a n t . F o r

t h i s  r e a s o n , a n d  s u p p o r t e d  b y  t h e  f i n d i n g s  o f  t h e  f o r e c a s t

r e p o r t  ( w h i c h  s h o w e d  t h e  n u m b e r  o f  d i e s e l  p o w e r e d  s h i p s  t o  b e

c o n t r a c t e d  f o r  u n t i l  1 9 8 5  i s  m i n i m a l ) , i t  w a s  c o n s i d e r e d  r e a s o n -

a b l e  n o t  t o  r e e v a l u a t e  t h e  m e d i u m  s p e e d  d i e s e l  p l a n t  s t a n d a r d s

p a r a m e t e r s . H o w e v e r , it is believed that there are some

c a n d i d a t e  c o m p o n e n t s  i n  a  d i e s e l  p r o p u l s i o n  p l a n t  w h i c h  s h o u l d

b e  c o n s i d e r e d  f o r  s t a n d a r d i z a t i o n . I n  o r d e r  t o  e s t a b l i s h  w h a t

t h e s e  c a n d i d a t e s  a r e , i n d u s t r y  r e c o m m e n d s - t i o n s  w e r e  t a k e n  i n t o
.

a c c o u n t  a n d  a l s o , d i e s e l  p l a n t  e q u i p m e n t  a n d  s y s t e m s  w h f c h  a r e

s i m i l a r  t o  t h o s e  i n  t h e  s t e a m  t u r b i n e  p l a n t  w e r e  c o n s i d e r e d .  A S  

4 - 7 8



a  r e s u l t , a n d  i n  a d d i t i o n  t o  t h e  " G r o u p  I  " t o t a l  d i e s e l

p r o p u l s i o n  p l a n t  s t a n d a r f f  ’ , s e v e r a l  m o d u l e  t y p e  G r o u p  I I

s t a n d a r d s  w e r e  f o u n d  t o  b e  f e a s i b l e  s t a n d a r d s  c a n d i d a t e s .

M o s t  o f  t h e s e  m o d u l e s , s u c h  a s  t h e  f u e l  o i l  s e r v i c e  s y s t e m ,

l u b e  o i l  s y s t e m , e t c . ,  a r e  a l r e a d y  e v a l u a t e d  i n  t h e  s t e a m

p l a n t  t e c h n i c a l  a n a l y s i s . T h e y  w i l l  n o t  b e  r e - e v a l u a t e d  h e r e .

H o w e v e r ,  s o m e  e q u i p m e n t  a n d / o r  s y s t e m s  w h i c h  a r e  u n i q u e  t o

t h e  d i e s e l  p r o p u l s i o n  p l a n t  c a n  b e  e v a l u a t e d . T h e  m o s t  l i k e l y

d i e s e l  p l a n t  c a n d i d a t e s  f o r  G r o u p  I I  s t a n d a r d s  a r e  f o u n d  t o

b e  t h e " D i e s e l  A c c e s s a r y  R a c k  M o d u l e "  a n d  t h e  " D i e s e l  S t a r t i n g

A i r  S y s t e m  M o d e u l e " .

S o m e  o f  t h e  i n d i v i d u a l  c o m p o n e n t s  s u c h  a s

s t a r t i n g  a i r  c o m p r e s s o r s  m a y  a l s o  p r o v e  t o  b e  g o o d  c a n d i d a t e s

f o r  s t a n d a r d i z a t i o n  i n  t h e  G r o u p  I V  c a t e g o r y  o f  s t a n d a r d s . .
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T h e  a b o v e  s e l e c t e d  m o d u l e  s t a n d a r d s  a r e  i n

 u s e  a s  c o m p a n y  s t a n d a r d s  - i n  o t h e r  i n d u s t ~ i e s  ( o f f s h o r e  o i l

d r i l l i n g  a n d  s t a t i o n a r y  p o w e r  p l a n t )  a n d  i t  w a s  r e c o m m e n d e d

t h a t  t h e y  b e  a p p l i e d  t o  t h e  m a r i n e  i n d u s t r y . A  d e s c r i p t i o n

o f  t h e  t o t a l  p a c k a g e  s t a n d a r d  i s  g i v e n  i n  p a r a g r a p h  4 . 5 . 3 . 1 .  

E x a m p l e s  o f  m o d u l e s  a r e  g i v e n  i n  p a r a g r a p h  4 . 5 . 3 . 2 .

4 . 5 . 2 . 3 E v a l u a t i o n  o f  G a s  T u r b i n e  P r o p u l s i o n  P l a n t s

1 . G e n e r a l

T h e  e v a l u a t i o n  o f  G a s  T u r b i n e  P r o p u l s i o n

f o l l o w s  t h e  s a m e  p r o c e d u r e s  u s e d  i n  e v a l u a t i o n  o f  t h e  S t e a m

P r o p u l s i o n  P l a n t . A  s y s t e m  w a t e r f a l l  c h a r t ,  F i g u r e  4  -  3

w a s  p r e p a r e d . T h i s  c h a r t  w a s  u s e d  t o  s y s t e m a t i c a l l y  a n a l y z e

t h e  G a s  T u r b i n e  P l a n t  f o r  t h e  i d e n t i f i c a t i o n  o f  s t a n d a r d s  .

p a r a m e t e r s  b y  t y p e  a n d  l e v e l . T h i s  a n a l y s i s  r e s u l t e d  i n  t h e "  

s t a n d a r d s  p a r a m e t e r s  m a t r i x ,  T a b l e  4  -  9 ,  u t i l i z i n g  t h e

c r i t e r i a  o f  t e c h n i c a l  f e a s i b i l i t y ,  e c o n o m i c  p o t e n t i a l  a n d

i n d u s t r y  a c c e p t a n c e  a n d  n u m e r i c a l l y  g r a d i n g  e a c h  p a r a m e t e r

b y  t y p e  a t  e a c h  a p p l i c a b l e  l e v e l ,

T h e  g r a d i n g  s y s t e m  a n d  s e l e c t i o n  a n a l y s i s

i s  t h e  s a m e  a s  t h a t  u s e d  f o r  s t e a m  i n  t h a t  p a r a m e t e r s  w h i c h

w e r e  g r a d e d  a t  7 0  p o i n t s  a n d  a b o v e  ( o f  a  p o s s i b l e  1 0 0 )  w e r e

s e l e c t e d  f o r  f u r t h e r  e c o n o m i c  a n a l y s i s . T h e  s e l e c t i o n  p r o c e s s

r e v e a l e d  t h a t  p a r a m e t e r s  f o r  s t a n d a r d i z a t i o n  w e r e  a s  f o l l o w s :

A t  t h e  t o t a l  p a c k a g e  l e v e l  -

S . H . P .

V i b r a t i o n  A n a l y s i s

N u m b e r  o f  U n i t s
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P o w e r  T u r b i n e

Accessory  Gas  Box

C o n t r o l

A g a i n ,  t h e  f o r e g o i n g  p a r a m e t e r s  d i d

n o t  q u a l i f y  f o r  f u r t h e r  c o n s i d e r a t i o n  b u t  a r e  s e l e c t e d  i n

m o d u l e  f o r m .

B. A t  t h e  M a j o r  S y s t e m s  l e v e l ,  t h e

p a r a m e t e r  w h i c h  q u a l i f i e d  w a s  M o d u l a r i z a t i o n  a n d  a t  t h e  n e x t

l o w e r  l e v e l , M a j o r  E q u i p m e n t / S u b - S y s t e m s   t h e  f o l l o w i n g  q u a l i -

f i e d :

C o o l i n g  S y s t e m

D i s t i l l e d / R e s i d u a l  F u e l  S y s t e m

F u e l  O i l  S e r v i c e  P u m p

F u e l  O i l  F i l t r a t i o n  U n i t

T h e  f o l l o w i n g  s y s t e m s  c o u l d  b e  c o n -

s i d e r e d  f o r  s e l e c t i o n  a s  s t a n d a r d s  c a n d i d a t e s  o n  t h e  b a s i s

t h a t  t h e y  a r e  s i m i l a r  t o  t h e  o n e s i n  t h e  s t e a m  p l a n t  s y s t e m s

w h i c h  w e r e  s e l e c t e d  f o r  s t a n d a r d i z a t i o n :

F u e l  O i l  S y s t e m s

L u b e  O i l  S y s t e m s

C o o l i n g  W a t e r  S y s t e m s

T h e s e  s y s t e m s  a l r e a d y  r e c e i v e d  c o n s i d e r -

a t i o n  d u r i n g  e v a l u a t i o n  o f  t h e  S t e a m  T u r b i n e  P r o p u l s i o n  S y s t e m .
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4 . 5 . 3

below:

DESCRIPTION OF STANDARDS

Groups I through IV Standards as developed in 4.5.2 are listed

Group I

Group II

Group I l l

Group

During

V

the next

Total Propulsion Plant Standards

System/Equipment Modules Standards

Equipment Envelopes Standards

Individual Equipment/Components

sub-task of  th is study,  several

Standards

candidates in

each group wi 1 be tested by economic analysis to determine the cost savings

which can be real ized by ut i l izat ion of  these standards. i n i t i a l  r e a c t i o n

of manufacturers to the proposed standards has been general ly  favorable 

and considerable interest has been expressed.

4 .5 .3 .1  GROUP I  To ta l  Propu ls ion  P lan t  S tandards  .

This group of standards are documents which contains

the technical  informat ion in standard format which is necessary to def ine

and describe machinery which collectively form a standard propulsion plant

and cover finite horsepower ranges. Within each standard horsepower range

are  de f in i t i ons  o f  the

descr ip t ion ,  opera t ing

The foll

Steam Turb ne P

major components as to their performance, type,

c h a r a c t e r i s t i c s , size (max.) and weight (max.).

Iowing standard ranges are listed by power plant type.

ants 15 - 17,500 SHP

24 - 26,000 SHP

28,5oo - 32,000 SHP

36 - 40,000 SHP

43 - 45,000 SHP

50,000 SHP
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D i e s e l  E n g i n e  P l a n t s  - 8 -  1 o , o o o s t w

12 - 14,000 SHP (2-Eng/Shaft)

Gas Turbine Plants 8- 12,500 HP Heavy Duty

15 - 30,000 HP tieavy Duty

20 - 25,000 HP Aircraft  Type

3 0 , 5 0 0  H P  A i r c r a f t  T y p e  .

3 5 - 40,000 HP Aircraft  Type

4 5 - 60,000 HP Heavy Duty

The above power plant ranges agree with the requirements

of ships forecast through 1985. A format which can be used for this type

of standard fo l lows. I t  i l l us t ra tes  the  type  o f  in fo rmat ion  requ i red  in

the standard. Based on equipment which is available in the industry now,

and also based on estimated performance and -operating characteristics as

establ ished in 4.5.2.1,  the parameters for Standardizat ion at  the total

plant level are listed in the pages following for a 24,000 to 26,000 SHP

Standard Steam Propulsion PIant and a 12,000 to 14,000 SHP Standard Diesel

Propu ls ion  P lan t . * Other  p re l im inary  descr ip t ions  o f  to ta l  p lan ts ,  sub jec t

to refinement as the Standards are developed, may be found in Appendix 6.1.

* These two total plant standards will be economically analyzed in Subtask.3.
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4.5.3.2 GROUP II Equipment/System Module Standards

D e f i n i t i o n :

These standards are documents which contain the technical

data and information required to define and describe a complete sub-system

or group of like equipment which is mounted together on a common base.

This module has defined and located interfaces and limiting size dimensions

and weights, which

from al l  sources.

not be standard.

make the modules (but not the components) interchangeable

The equipment which is included in the module may or may

These standards afford the benefits of standardized

equipment without limitations being imposed on equipment vendors.

The equipment/systems which lend themselves to being

packaged together on skids are:

F.O. Service System

L.O. Service System

L.O. Purifying System

Power Unit

H.P. Feed Heaters Module

Feed Pump Module

Condensate Pump Module

Diesel Accessory Racks

Diesel Starting Package

In order to i l lustrate th is standard, an example of  a fuel  o i l

service system module format follows:
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4.5 .3 .2 .1

. Example: - F i r s t  P a g e

Iden t i f i ca t ion :  A lpha-numer ica l  s tandard  iden t i f i ca t ion  w i th  encoded

type and size.

Appl icat ion: General  data with reference to the scope of th is standard

as to s izes, temperatures, pressures, and medium characteristics.
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Next Page(s)

Performance Data Matrix: Chart showing capacity, pressure, temperature and

viscosi ty character ist ics ’ for  each module.

Next Page(s)

Out l ine Drawing(s) : Drawings plus dimension chart giving interface sizes

and locat ions, mount ing informat ion and overal l  s ize and weight l imitat ions

for each module.

Next Page(s)

Design Character ist ics: Contains l ist ing of  components required with

technical data requirements of each component. Includes block and/or

schematic diagram of

Approvals: Includes

Equipment Suppliers:

i f  app l i cab le .

regulatory agency approvals of module designs.

Inc ludes  the  fo l low ing  l i s ts  w i th

1. Module manufacturers

approvals noted

2. Individual component manufacturers

Other Documents: Reference to other standards and spec

app l i cab le .

4 . 5 . 3 . 2 . 2 On the fol lowing pages, basic def ini t ions and

f icat ions which are

above modules are given. The parameters for Standardization

level can be picked from these descriptions. Of the modules

the fol lcwing three wi l l  be economical ly analyzed in Subtask

1. F.O. Service System Module

desc r ip t ions  o f

at the module

l is ted above,

3 :

2. Main Feed Pump Module

3. Diesel Accessory Rack M o d u l e  
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4.5 .3 .2 .1

the fol lowing:
●

The F.O. Service System Module

The fuel oil service system module contains

- 2 fuel oil service pumps

-  2  fue l  o i l  hea te rs

- 2 strainers (suct ion and discharge)

- flow meters

-  control  panel

- assoc ia ted  va lves ,  p ip ing  and  f i t t i ngs

- Pressure regulat ing stat ion

The equipment is interconnected with pre-formed pipe and tube assem-

bl ies and al l  connect ions are pre-f i t ted and al igned at the t ime of manu-

facture or assembly of the module. The system is cleaned and leak tested

at the assembl ing act iv i ty.

Enough space is provided wi

operation and maintenance.

The foundat ion is pre-dr i l ’

ing connections - both steam and

thin the module to allow easy access for

ed for easy bolt ing; and the pip-

o i l  -  a r e led  to  the  appropr ia te  loca t ion

on the imaginary cube for quick connect ion of  interface piping dur ing instal-

l a t i o n .









The fuel oi1 service suction and discharge strainers, mounted on the

skid,  wi l l  be duplex mesh stra iners.

The flow meters will be installed between the fuel oil service pumps and

fuel oil heaters and mounted for easy inspection. They will be provided with a

by -pass  to al low removal for  inspect ion and repairs wi thout creat ing discont inui ty

o f  fue l  supp ly  to  the  bo i le rs . The meters wi l l  be the osci l lat ing disc type.

The control  panel  contains the electr ical  control  c i rcui ts for  manual

start-stop operat ion of  the fuel  o i l  pumps and indicat ing l ights.

The pressure regulat ing stat ion is located

discharge and the burner header (af ter  the fuel  o i l

pressure at the inlet side of the burner headers by

pump suction.
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between the service pumps'

heaters) ,  to provide constant

rec i rcu la t ing  o i l  back  to  the









The lube Uoil cooler is a shell and straight tube type cooler

with a f loat ing tube sheet. "The tubes may be the finned type to in-

crease heat t ransfer.

o r i f i c e  t y p e .

The cooler is

.Baffles may be segmented counterflow or the

designed to cool the oil at full power operation,

at maximum sea water temperature and maximum tube fouling and at a

capacity determined by the lube oil pump rating.

The two lubricating oil pumps are each capable of meeting 125%.

of the requirements of L.O. flow recommended by the appropriate manu-

facturers at maximum power conditions. They are ei ther centr i fugal or

posi t ive-displacement,  vert ical ,  submerged, motor-dr iven pumps located

on and in the lube oil pump at the reduction gear casing. The second

pump acts as a stand-by pump to cut-in when the main pump loses dis-

charge pressure. Both pumps are arranged for power take-off from the

emergency generator; in cast the main generator fails, the emergency

generator is started automatical ly and provides cont inui ty of  electr ic

power.

The strainers are duplex and are installed between the pumps

and the lube oi l  coolers.  The strainer switching valves are so arranged

as to provide cont inui ty in lube oi l  f low whi le maintaining one basket.
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two main condensate pumps, their motor drives and the associated vaives,

f i t t i ngs ,  p ip ing  and  con t ro ls .

The main condensate pumps are vertical, centrifugal, single

suction, motor-driven pumps. Each pump’s and capacity is based

on 15% in excess of the requirements of condensate flow under

maximum power conditions. The rated head is based on static head 

to the deaerat ing feed tank feed inlet ,  valve, piping and heater

losses, the operating steam pressure in the deaerater and the con-

denser vacuum at the rated capacity of the pump.

The associated valves, piping and f i t t ings include separate

suct ions,  separate- to-combined discharges,  crossovers,  seals p ip ing,

vent piping, butterf ly suct ion valves, and stop-check discharge

valves.

The

Al 1

con t ro l s  a re :

- manual start-stop

- standby cut- in

- pump alternation

equipment are mounted by bolting on one foundation with the

proper hangers and supports. The machinery, piping, valves and motors

are pre-al igned ; and they are cleaned and leak-tested prior to ship-

ment. The piping is led to the standard interface locat ions on the

imaginary envelope surrounding the module.
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4.5.3.2.8 The Diesel  Accessory Rack Modu1 e

The diesel accessory rack module is an

assembly of diesel engine associated accessories in a unitized module.

It contains the following components:

pre-formed pipe and

L . O .  F i l t e r

L.O. Cooler

Fuel Priming Pump

F u e l  S t r a i n e r

Water Expansion Tank

Cooling Sys. Thermostatic Valve

Raw Water Pump

Engine Control Panel

Associated valves,  p ip ing and f i t t ings.

The above components are interconnected with

tube assemblies. The lube oil and jacket water systems

are cleaned and tested at the factory.

The components are mounted on foundations

and arranged with aedquate space for easy access for maintenance and

opera t ion .

The foundat ion is pre-dr i l led for easy bol t ing

and the module is easily connected to the engine by bolting together

f ive f langed connect ions ( three for cool ing water and two for lubr icat ing

oil) and the connecting of four tube connections (two gauge lines and two

f u e l  l i n e s ) . They are pre-fitted and aligned at the time of manufactufie.

The arrangement of the accessory rack

as  i l l us t ra ted  in  the  fo l low ing  ske tch :

module is







The. raw water pump is used

cooler to lower the temperature of the

a  h o r i z o n t a l ,  c e n t r i f u g a l ,  b e l t - d r i v e n

type motor.

to circulate raw water through.a

engine fresh water supply. I t  i s

(off the accessory end of the engine),

The engine control panel uses 115 volt AC, 60 cycle voltage;

i t  i s  d r ip -p roo f ,  and  i t  i nc ludes  loca l  con t ro ls  and  a la rm ind ica to rs  fo r

manual operation. I t  includes the fol lowing gauges:

- L.O. pressure

- F.O. pressure

-  S ta r t ing  a i r  p ressure

- Clutch ai r  pressure

- Raw water pressure

I t  i nc ludes  the  fo l low ing

lights:

Engine speed electrical

indicators, switches and warning

tachometer -  Overspeed tr ipped l ight

Engine start and stop switches - H i g h  o i l  t e m p e r a t u r e  l i g h t

Test and alarm silence switches -  Low lube  o i l  l eve l  l i gh t

Alarm reset switch - Power on light

Power on and off switches -  E n g i n e  a i r  f i l t e r  l i g h t

Hot engine l ight - Vacuum light

Low oi l  pressure l ight -  Low clutch ai r  pressure l igh

High crankcase pressure light -  Low turbo oi1 pressure l ight

Appropr iate alarms contractors are suppl ied for  instal lat ion by the shipyard.
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Located on the side of the control panel is an engine exhaust

pyrometer and selector switch, with a temperature range of 0-1200° F.

A l l  assoc ia ted  in te rconnec t ing  va lves ,  p ip ing  and  f i t t i ngs

are provided and led to the interfacing points on the imaginary envelope.
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the  fo l low ing :

4.5.3.2.9 The Diesel Air  Start ing Package

The diesel  air  start ing module contains

The

Ai r  tanks  

Air compressor

Shut -o f f  va lve

A i r - re lay  va lve

Lubr i ca to r

Solenoid air  valve

Pressure rel ief  valves

Associated piping and f i t t ings

Controls

above mentioned equipment, valves, piping and fittings are

mounted on foundation with enough space allotted for easy maintenance

and operation. The system is assembled, a l igned, c leaned and leak-tested

pr ior  to shipment. The foundat ion is pre-dr i l led for easy bol t ing aboard

sh ip .

The air compressors are motor-driven, two stage air cooled, single

act ing uni ts designed with intermit tent duty.  Each compressor is equipped

wi th  an  in te rcoo le r ,  v -be l t  d r i ve ,  in take  f i l t e r ,  au tomat ic  un loader ,  and

an automat ic start-stop control . They develop 600 psi air pressure. The

compressors are sized to be capable of fully charging the air tanks in

60 minutes.

The start ing air  tanks are vert ical

valve and a drain valve. The rel ief  valves

meta l  tanks  f i t ted  w i th  a  re l ie f

a re  se t  a t  615  ps i .  The  number  

of tanks and their capacity are determined by ABS rules which requires enough

a i r  capac i t y  as  to  p rov ide  12  s ta r ts  w i thou t  recharg ing  the  teaks .  
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Boi lers,  L.O. Pur i f ier  and main c i rculat ing pumps, as enveloped,

will be economically analyzed in Sub-task 3.

On the following two pages, two examples of boiler envelopes are

schemat ical ly  explained. Figure 4-14 represents, in sketch form, an

envelope for a boiler applicable to the 26,000 SHP steam plant and

Figure 4-15 is the sketch of a boiler envelope suitable for the 40,000 SHP

steam plant. Both envelopes scan use the products of any U.S. boiler .

manufacturers without changing the size of the envelope and the interface

loca t ions .
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4.5.3.4 GROUP  VI ndividual Equipment/Components

These standards are documents which contain the information

in standard format which is required for shipyards to purchase vendor

equipment required for propulsion machinery. These documents contain both

the technical documentation and the legal documentation. Included are

standard sof tware i tems such as instal lat ion drawings,  technical  manuals,

curves and calculat ions as appropr iate.

Equipment subject  to th is type of  standardizat ion are:

boi lers,  turbines,  condensers,  a i r  e jectors,  feed heaters,  reduct ion gears,

d .c .  tanks ,  f .o .  hea te rs ,  I .e .  coo le rs ,  con t ro ls ,  feed  pumps,  c i rcu la t ing

pumps, 1.O. pumps, f.o. pumps. I t  i s  an t i c ipa ted  tha t  severa l  o f  these

wi l l  be evaluated for economic benef i ts and feasibi l i ty .

It should be noted that equipment manufacturers have

voiced object ion to standardizat ion of  indiv idt ia l  equipment as being too

res t r i c t i ve  and  in te r fe r ing  w i th  des ign  ph i losophy . Shipyard purchasing

specialists, however, feel that these types of standards can save much

schedule t ime lost  due to non-avai labi l i ty  of  parts.

Standard Format:

The legal  port ion of  these standards wi l l  contain standard statements

of Warranty,  Pr ice Adjustments,  Terms of Payments,  Liabi l i ty Limitat ions,

Loss Risks, Shipping, Delays, Changes, Drawing Approval Terms, Cancellation,

and Taxes.

One standard technical format applicable to a pump purchase is

desc r ibed  as  fo l l ows :
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4 . 5 . 4 Refinement and Modification of the Grouping of
Standards

The foregoing selection and grouping of standards and

standards parameters were developed as a result of the procedures followed

in the conduct of  th is study. At the conclusion of this phase of the

study,  several  knowledgeable representat ives of  the shipbui ld ing industry,

together with representat ives of  the pr ime contractor of  the Ship Produci-

bility Program, Bath Iron Works , were canvassed for their reaction to the

r e s u l t s .

Augmenting the results of  the study, the fol lwing

comments and actions are applicable:

4 .5 .4 .1 Group I - Total Propulsion Plant Standards

It  was determined that standardizat ion of total  propul-

sion pIants should be directed twards a systems approach and that standards

should be carried to a level of systems piping diagram for each horsepower

range selected. This group of standards would also be util ized as top level

standards to key the total  p lant  to lower level  standards. in th is sense,

the total plant (Group 1) Standard is a top-level reference document which

can be ut i l ized in def in ing and designing the total  propulsion plant,  and

contains in a standard format the performance parameters and operating

character ist ics on which the design of  major systems for  the total  p lant

is based.

Th is  de f in i t ion  o f  the  to ta l  p lan t  i s  d i f fe ren t  fo rm

the one developed in 4.5.2.1 and 4.5.3.1, for a steam turbine propulsion

plant,  in that parameters such as the procurement speci f icat ions, engine

room arrangements, arrangement drawings, piping drawings, and installation

drawings can no longer be included in the "standard" docu=m~for the 

t o t a l  p l a n t . T h e  s t a n d a r d s  p a r a m e t e r s  t h a t  w i l l  b e  c o n t a i n e d  i n  t h e   
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For a more detai led descr ipt ion of  the contents of

Group 1 Standards, please refer to 5.3.2.1 and 5.3.3.1.

4 . 5 . 4 . 2 Group II "Systems/Equi pment Modules" Standards

as reported in

However, views

should be done

It  was found and bel ieved that the or ig inal  conclusions

4.5.2.1 and 4.5.3.2 were val id and acceptable to the industry.

were expressed to the effect that the selection of modules

very careful ly and an eff ic ient arrangement to sui t  l imited

space avai labi l i ty  must be achieved. It was further expressed that the

module design would normally be a shipyard function; the shipyards would

develop their  own modules and tai lor  them to sui t  their  needs for  indiv idual

ship designs.

Nevertheless, a consensus was reached that given a

Group I Standard, Group II Standards can be developed, and this would enable

the shipyards to perform a genuine' "make-or-buy" analysis.

4 . 5 . 4 . 3 Group Ill "Equipment Envelope" Standards

The or ig inal  conclusions of  4.5.2.1 and 4.5.3 .3  w e r e

reviewed and discussed. The generally-adopted view was that this group

of Standards would resul t  in loss of  space and that due to this fact ,  the

need to use space ef f ic ient ly wi l l  probably preclude extensive use of

envelope standards. However, it was considered likely that smaller

machinery components, for which there may be little space limitation, may

prove to be sui table for  wr i t ing envelope standards. It must be emphasized

that the major advantage of this standard is that it ef fec t i ve ly  es tab-

lishes equipment standards (similar to Group IV Hardware Standard) without

encroaching upon the independence of equipment manufacturers.

4.5.4.4 Group lV." ’ lndiv idual  Component Standards,

The consensus opinion was reached to the effect that

Group IV Standards, i f  they can be implemented, wi l l  provide the greatest
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d o l l a r - s a v i n g  p o t e n t i a l .

The question of which type of standards should be

written and to what degree of detail should they go was resolved as follows:

It was noted that the equipment manufacturers have voiced objection to

hardware standardizat ion as being too restr ict ive and interfer ing with wi th

design and competitive sales philosophy. It was also observed that the

shipyard purchasing special ists have fel t  that  th is group of  standards can

save considerable schedule time and benefit consecutive orders, maintenance

and operation.

I t  was concluded that in addit ion to the or iginpl  con-

cept of a general software standard for equipment (Procurement Standard)

acceptable to the industry, an economic evaluation be performed for an

equipment standard (Hardware Standard). Real iz ing that adopt ion of this type

of standard would be resisted by equipment manufacturers, it was determined

to examine the potential of these two standards along with another concept of

standards which can be called a "data standard". In suntnary, it was decided

to adopt a "step-by-step" approach to complete equipment standardization.

a . The f i rst  step should include a survey of  the avai l -

able equipment. The data made available by the Manufacturers for their

products would be presented in a Standard format. The format would establish

the extent of  informat ion to be suppl ied. The shipyard, or the design

agent, can then use the information contained in the Standard format in

incorporating the equipment or the component into the ship design.

The document containing this information was

label led a "Data Standard" and defined as follows:

DATA STANDARD: A formal written document which

includes al l  technical  informat ion at  the vendor level  of-detai l  in a

standard format. Th is  S tandard  wou ld  enab le  the  sh ipyard  to  incorpora te  

 s a l e s
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documentaion.

b. The second step in the Standardizat ion efforts for

the individual components would be the development of a procurement docu-

ment. This document would include both technical and legal data and all

information would be presented in a Standard format. The information con-

tained in this Standard format can be ut i l ized by the shipyard in in -

corporating the subject component into the ship design as well as purchas-

ing the said ccxnponent. This document was labelled a "Procurement

Standard" and defined as follows:

PROCUREMENT STANDARD: A formal written document,

which const i tutes an intermediate step of  Standardizat ion,  where al l  of

the performance and operating characteristics and some of the physical

character ist ics are standardized. Procurement documents covering both

technical and legal data are prepared in Standard formats.

c . The last step of standardization efforts for the

individual components is the complete Standardization of the equipment

itself as a hardware item. The component manufactured to this standard

by one vendor would be interchangeable with the product of another vendor

manufactured to the same Standard. The shipyard and/or the design agent

can use the informat ion contained in this document at  al l  levels of  ship

design to any degree of  detai l  desired as far as instal lat ion and inter-

face requirements are concerned. The document can also be used in purchas-

ing the component since it contains legal and sales data as well. The

label "Hardware Standard" was assigned to this document and it was def

as fo l lows:

HARDWARE STANDARD: A formal written document,

ned

which const i tutes the f inal  step of  standardizat ion, where the component in

quest ion is completely standardized and as such becomes an "of f - the-shel f ”  

i tern.
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4.6 CONCLUS10NS  & RECOMMENDATIONS

4 . 6 . 1 GENERAL

Results of  the invest igat ion and select ion of  standards indicates

that implementat ion of  a standards program for U.S. shipbui ld ing is techni-

cally sound, has the prospects of being acceptable to the industry and

shows good potential for achieving appreciable cost savings in shipbuilding.

The forecast indicated that the shipbui ld ing industry wi l l  be in a heal thy

state at least through 1 9 8 5 . It therefore follows that a standards program

be implemented immediately to gain the advantage offered, since such a

program requires time and multiple ships to

This portion of the study has eva’

as wel l  a prel iminary economic potent ia l  of

ind ica te

economic

be given

share real  cost  benef i ts.

uated the technical  potent al

the standards and results

that the standards selected may lend themselves to s ign i f i can t

advantages. However, careful evaluation and consideration should

to the select ion of  standards to be implemented and the pr ior i t ies

assigned. Industry acceptance is imperat ive for successful  implementat ion

of the standards. Developing standards to which industry is  indi f ferent

or finds unacceptable would negate any cost benefits to be realized since

the implementation for the standards depends on their acceptance. The

developed standards should be flexible and show enough economics

potent ia l  to provide the incent ives for  acceptance. It is recommended

that standards which require enforcing not be wri t ten unt i l  later in the

program.

4 . 6 . 2 STANDARDS CANDIDATES SELECTED FOR ECONOMIC ANALYSIS

The purpose

representative number

of this study can best be served by choosing a

of standards candidates, wi thin each group, for
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4.6.3 GAS TURBINE PROPULSION STANDARDS

Standards were selected for gas turbine propulsion plants in

paragraph 4.5.2.3,  based upon the analysis of  cr i ter ia.  However,  Gas

Turbine Plants have been essentially standardized at the total package

leve l  in  tha t  the  ava i lab le  p lan t  s i zes  a re  l im i ted .  Tha t  i s ,  each

manufacturer markets a particular size (horsepower) gas turbine by type

of which there is no compet i t ive design, so that select ion of  the suppl ier

is based solely on the design horsepower and type of  turbine (Aircraf t  

Der ivat ive or  Heavy Duty Industr ia l  type).

In addition, each gas turbine manufacturer has a direct influence

on (and may supply) the selection of the supporting equipment such as

in takes ,  exhaus t  sys tems,  was te  hea t  bo i le rs ,  l ub r i ca t ion  and  fue l  sys tems 

and fuel  oi l  t reatment plants. Thereore it is deemed

an economic analysis measuring the gains due to these

there is a cr i t ical  need to develop standards to sui t

premature to attempt

standards. However,

the marine industry

for the performance, design and purchase of gas turbine propulsion plants.

When the standards program is implemented, it is recommended that gas

turbine propuls ion plant  standards be included. Consideration should be

given to the Navy standard gas turbine program.

4.6.4 AUTOMATION SYSTEMS

Automation systems general ly fa l l  into three major propulsion

modes, steam, gas turbine and diesel, a l though each of fers di f ferent

complex i t i es . BAsed upon the cr i ter ia in this analysis,  automation

systems standards did not warrant selection for further analysis. However,

s ince th is major system with in the total  propuls ion systems and since 

presently emphasis is being placed on "one man" or "unmanned machinery

spaces ,  the re  i s  a  g rea t  need  fo r  s tandard iza t ion  o f  au tomat ion  requ i rements .  

S tandards  fo r  con t ro ls  wou ld  g rea t l y  a l lev ia te  the  p resen t  p rob lems

4



coordinating the

space operation.

existing systems

various component controls

The economic gain in this

c o u l d  n o t  b e  u t i l i z e d .  i n

towards automated machinery

area is quest ionable, s ince

o r d e r  t o  a s s u r e  f l e x i b i l i t y

for future improvements 4 basic conservation system must be developed.

Appendix B.3 contains a complete description of the automation

systems and possibilit ies of standardizing automation parameters. The

results of this study can be summarized as

1. Degree of Automation

It is recommended that a

watch in the

have options

f o l l o w s :

design be developed for "one man"

machiner spaces as a standard. However, this design should

which permit "unattended" operation of the machinery.

2 . Locat ion of Control  Stat ions

it is recorranended that

air  condit ioned operat ing stat ion in the

control  be at  the br idge.

the main control be at an enclosed,

engine room and the secondary

3. Owner Required and Optional Equipment

Standard control console should be suitable for arrangement

to accept interfaces to owner required or optional equipment.

4. Developments In Automation Technology

The rapid development in electronic and f lu idic tech-

nology drast ical ly  l imi ts the parameters which can be standardized.

5. Levels of Standardizat ion

Standardization of control consoles should not be applied

beyond the physical  s ize and weight l imi tat ions and the locat ions of

inter face connect ions.
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6. Operat ional Character ist ics

Of the operat ional character ist ics of  the automation

systems, the following are recommended for standardization:

a. Method of Control  - can be selected from the possible

var iat ions of  pneumatic,  hydraul ic,  e lectro-mechanical  or electronic

control methods.

b. Overall l imit on Control Power Consumption - By the

i n c l u s i o n  o f  t h i s  p a r a m e t e r  i n t o  a  s t a n d a r d ,  i t  w i l l  b e  p o s s i b l e  t o  

standardize the power source and inter-connections.

All other parameters such as performance

control  funct ions, etc. ,  wi l l  depend on the degree

the character ist ics of  the control led machinery.

requirements, number of

of automation and

Even though the above described parameters are recommended for 

standardization in connection with the automation systems, no attempt will

be made in the present study to economically analzye the benefits of

standardization since these depend largely on the degree of standardization

app l ied  to  the  to ta l  p lan t .

4.6.5

which may

or d iesel

ELECTRIC PROPULSION

Electr ic motor propulsion is a viable propulsion plant option

be coupled with any of the prime movers, gas turbine, steam

generators.

Equipment ut i l ized in electr ic propulsion plants,  however,  have

already incorporated appreciable use of standards. It is therefore con-

cluded that no further analysis be performed with reference to electr ic

p ropu ls ion .  For  a  de ta i led  desc r ip t ion  o f  e lec t r i c  p ropu ls ion  s tandards ;

refer to Appendix B.2.



4.6.6 INHERENT PROBLEM AREAS

4.6.6.1 GENERAL _

The dispar i ty of  ships,  ship types, shipyards, shipyard

locations and advantages (economic, technical personnel and capacities)

renders the development of  nat ional  standards very di f f icul t . Because of

these variables which affect a propulsion plant’s design and acceptance,

the standards must be general in nature and flexible so individual com-

pet i t ion and preference are not st i f led.

A great deal of credit must be given to shipyards.

During the course-of th is study i t  was ascertained that the thr iv ing

shipyards have standardized to an extent allowable by and modeled to their

in t r ins ic  capab i l i t i es  and  the  par t i cu la r  charac te r i s t i cs  o f  the  vesse l

being constructed. Therefore,  resistance to nat ional  standards ar ise f rom

two sources: the dispar i t ies ment ioned above and indiv idual  shipyard’s

attempt to maintain their  advantage in their  uniqueness and in their

methods of  standardizat ion.

Parameters such as mater ia l  speci f icat ions,  c learances,

etc., which cause a manufacturer to redesign, would meet with a great deal

o f  res is tance .

to the vendors

non-marine bus’

considered in 

The volume of business which the marine industry represents

as compared to the volume of business which the conmnercial

ness represents to the vendors is an important factor to b e

h i s  f e a s i b i l i t y  s t u d y . Many of  the manufacturers have .

expressed interest  in th is study;  however, i t s  impac t  i s  d i rec t l y  p ropor t -

ional  to the relat ive volume of  business. Some manufacturers have mentioned

that the marine business represents less than f ive percent of  their  ent i re

gross revenue; therefore,  an at tempt to dr ive their  indiv idual  standards

in any direction away from the standards set by shoreside industry would
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meet with resistance. In l ight of  this,  except in unique cases, the

standards which may be developed would conform to the manufacturer

standards,  thereby, conforming to the commercial  industr ia l  standards.

4.6.6.2 Problems with Standardizing Total Propulsion plants

After  reviewing the selected standards parameters,  i t

was considered feasible to standardize on total  propuls ion plants c lassi-

fied by shaft horsepower ranges. (See Sub-Section 4.5.3.i - GROUP -

Total  Propuls ion Plants.)  However,  in discussion wi th var ious shipyards,

i t  was noted that their  h istory of  ser ies product ion of  var ious ship

sizes led to standardizat ion in speci f ic SHP'S increasing by increments

of f ive thousand (5,000).

Another problem with standardiz ing total  propulsion

plants arises when an owner desires a ship of less SHP than the maximum

of that range; in order to give an owner less than maximum, the . equipment 

stays the same (since they are standard), but they operate at less than

capac i t y . This lends itself to a more conservative plant but at the expense

o f  e f f i c i e n c y . This can be offset by the added advantage of containing

reserve for a future power increase.

When an owner elects a standard plant which needs

certain changes to it (like a boiler with greater steam generating capacity

than normal because of special , extensive auxiliary steam demand), the

heat balance, capaci t ies,  etc. ,  are al l  d isturbed, and the standard wi l l

have to be modified.

Should the total package prove to be a standard of

g rea t  po ten t ia l , the prospective owner can be shown the economic advantage

of select ing the standard.
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4.6.6.3 Problems With Standardizing Systems/Equipment Modules

It  is interest ing to note that some shipyards have

designed and installed many of the same modules (however, non-standard)

which were selected as standards candidates in this study. However,

these same shipyards did indicate certain problems with trying to implement

nat ional  standards in th is area. To package together equipment or to

modular ize systems is a di f f icul t  task to perform. The lower the module

must be placed in the engine room, the more di f f icul t  the design task,  

especial ly  on tankers. The vessels are narrower in the lower portions

of the ship and narrowest aft; on tankers, the engine rooms are located

a f t where the beam is narrow and the web framing is large. Because

of framing interferences and the narrowness of the beam, one shipyard

mentioned that they could package equipment but had to tailor its design

to each ship, even within the same series run of vessels of the same size.

There are a number of important considerations to be

made in the design of

common to discussions

as piping and framing

modules. Among those which deserve mention and were

held with various shipyards are interferences such

interferences provis ions for walkways and main-

tenance space, and the flow of piping. Proper attention to these and

other i tems may obviate the fai lure of  the standard. Interferences may

cause the same problem mentioned above - the need for  ta i lored designs.

The provisioning of the proper maintenance

an obvious consideration, but many modules

items because of the lack of consideration

and walkway space may seem

have become costly maintenance

in  th is  a rea .  P ip ing  des igners

attempt to design the f low of piping, in the engine room, in a paral le l  
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face problems.

Some of the-candidates which have been found technically

feasible are-large and heavy. If such a standards candidate proves feasible

by this study, then those wri t ing the standards must invest igate whether

or not the weight and size of  these i tems are greater than shipyard l i f t ing

capab i l i t i es  and /o r  sh ipp ing  capab i l i t i es .

Whether a module is assembled at the shipyard or bought

from a manufacturer is a decision to be made by the individual shipyards.

However, there are certain

should be discussed here.

must rely on rai l  shipping

problems with manufacturer assembly which

Some shipyards, due to their geographic location,

and usually prefer to construct modules at

their facility because of the probable damage to equipment caused

"humping" of  ra i l road cards. They can also use labor to assemble

dur ing employment lu l ls .

by

modules

Another, more obvious problem concerning the manufact -

urer-assembled module is the coordination problem. In  th is  s i tua t ion ,  there

is  l i ke ly  to  be  a t  leas t  one  add i t iona l  con t ro l  po in t . In  add i t ion ,  qua l i t y

con t ro l  m igh t  be  inc reas ing ly  d i f f i cu l t ; as it exists today, many shipyards

are complaining about the quality of the equipment they receive from the

manufacturer.

4.6.6.4 Problems with Standardizing Equipment Envelopes

The envelope concept was developed to provide a means

o f  s tandard iz ing  the  loca t ions  o f  in te r fac ing  p ip ing  w i thou t  cons t ra in ing

indiv idual  manufacturers. Therefore, i t  i s  impor tan t  to  loca te  the

interface points,  on the envelope, at  such a locat ion as to be fair  to 

al l  manufacturers.  The envelope concept faci l i tates piping--kstal  lat ions
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since i t  locates pip ing inter faces regardless of  indiv idual  equipment

manufacturer var iat ions in pip ing locat ions. However, before this concept

can realize any cost benefits in this area, an engine room arrangement

or piping drawings, in part, must be developed. The  loca t ion  o f  in te r face

points alone is not enough; the locat ion of at  least two interfacing equip-

ment items must also be known to ascertain the direction and flow of piping.

The same problem ex

when the equipment must be turned to f

interfaces may be disturbed.

sts with envelopes as with modules

t  the  sh ip . The flow of piping and

As discussed in 4.1.3.3 and 4.5.4.4, however, the use of

envelope standards, due to required additional space, may belimited.

For smaller items of machinery where the space limitations may be less

severe, the envelope standards may be suitable since the greatest degree

o f  i n t e r c h a n g e a b i l i t y  o f  m a n u f a c t u r e r s  i s  p o s s i b l e  w i t h  t h i s  t y p e  o f .  

s tandard.

4.6.6.5 Problems with Standardizing Individual Equipment/Components

The standards for individual. equipment/components should

only be written after a survey of available equipment has been made. Again

the problem remains, unless the standards conform to individual manufacturer’s

presently marketed designs, the standards will be unacceptable.

Care should be taken when writing standards

equipment/components not to include such restr ict ing or inf lex

that they would cause manufacturer redesign or "stifle" compet

shipyard to ld of  Navy ef for ts to standardize turbo-generators.

this through inf lexible speci f icat ions, and i t  was received so

manufacturers that there was only one bidder on the next buy

f o r  i n d i v i d u a l

ble parameters

t i o n .  O n e

They attempted

p o o r l y  b y;

t he  res t
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refused to bid. It was the consensus of shipyards and vendors that such

standards would meet with similar resistance.

The above mentioned fact was one of the reasons for

adopting a step-by-step approach to developing Group IV standards. As

discussed in 4.1.3.4 and 4.5.4.1, it was recommended that three different

kinds of standards be considered for individual components:

a. Data Standards

b. Procurement Standards

c. Hardware Standards

Inherent problems related to the standardizat ion efforts

in connection with-each of the above types of standards would be more or

less eliminated as compared to the problems discussed in the beginning

paragraphs of  th is sub-sect ion. In other words, by adopt ing this 'phasing-

i n " of the Group IV standards, it is believed that a common ground could

be found within the industry whereby the formal standards could be uni-

versally accepted and implemented. A considerable potent ial  for enconomic

advantages is obtainable in such a case.

4.6.7 AREAS FOR DESIGN IMPROVEMENT AND RECURRING PROBLEMS

During the research phase of this task, certain problem areas

were highl ighted. These included problems which recurred throughout the

i n v e s t i g a t i o n . The fol lwing is a discussion of  those problems with

possible solutions as applicable to the standards program.

a . The most s igni f icant problem consists of  approvals

required for  U.S. ship bui ld ing in U.S. shipyards. Amer ican  Bureau  o f  

Shipping (ABS) and U.S. Coast Guard (USCG) approvals are required for
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var ious segments-of- the propuls ion plant . USCG approvals

(or disapprovals) cause the greates schedule delays and cost

increases.

Usual ly equipment detai l  and instal lat ion drawings

and on-site inspections are required during several time phases

o f  the  bu i ld ing . DeIays in approvals and time lost during

negot ia t

u t i l i z e d

USCG

time

t h a t

ons for the required changes are cannon in the industry.

It is feasible that, should equipment standards be .

the standard equipment and/or installaticm qay receive

& ABS approval, resu l t ing  in  e l im ina t ion  o f  cos t l y  and

consuming delays. An added advantage to this feature is

this prior approval would be an added incentive to ship

bu i lde rs ’  top  u t i l i za t ion  o f  the  s tandards .

b. Another universal  problem facing shipyards is the late

del ivery of  equipment. This also causes delays in schedule

and increased costs. Many sub-modules are manufactured with

subst i tute equipment (spool pieces) for subsequent instal lat ion

of the primary equipment later in the schedule. This increases

the cost,  general ly requires a much higher ski l l  level  of  labor

than originally intended and makes the ship highly vulnerable

to  equ ipment  ins ta l la t ion  e r ro rs .

The ut i l izat ion of standards within the propulsion

equipment field could reduce the late delivery” problem by making

standard equipment

manufacturer could

equ iva len t  to "she l f  i t ems" .  A  p rospec t i ve

s t o c k  s t a n d a r d  i t e m s  w i t h  l i t t i e  r i s k  o f  
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obsolescence. I t  is also probable that the

scheduling of standard equipment could more

forecast to reflect industry requirements.

c. Another problem which has recurred

manufacturing

accurately be

is the lack of

t ime ly  de ta i led  ins ta l la t ion  in fo rmat ion  regard ing  p ropu ls ion

equipment. This includes catalogue information and instal l -

at ion and out l ine drawings. This problem includes re-orders

of previously used equipment for which

often make signi f icant modif icat ions.

This problem can be vir tual ly

proper use of standards. The standard

include maintenance of the standards.

the manufacturers very"

el iminated by the

program, however, must

d . A very costly problem which has repeatedly been stated

is the damage dur ing shipment and resul t ing l iabi l i ty.  This is

more prevalent in the West Coast shipyards, since most equip-

ment is manufactured in the southern and eastern parts of the

country. Re-alignment after shipment and many repairs are

o f ten  requ i red .

This problem could possibly be alleviated by the use

of standard shipping and packaging methods as well as universal

indicating methods.

e. Another problem which seems to be universal is the

poor qual i ty control  which has resul ted in much on-si te repair

and re-work to make equipment

cost ly shipyard operat ion.
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The ut i l izat ion of  standards could appreciably

increase the quality of the delivered product because of

increased fami l iar i ty wi th the manufactur ing and inspect ion

procedures.

f . Required design improvements which have been uncovered

in th is study include the fol lowing:

*

For

please refer

Re-heat boi ler ,  steam turbine cycle.

This system has merit due to the very

e f f i c i e n t  f u e l  o i l  r a t e .

Gas Turbines - h i g h e r  e f f i c i e n c i e s  a n d  -

low grade fuels.

Combined cycle propulsion plants.

detailed discussions of above design improvements,

to Appendix D, "Future Study .Recoirunendations".
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9. Main Circulating Pumps (2)
Description: Vertical, single stage, centrifugal, motor driven

Capacity:  17,500 GPM
Head: 25 Ft at 600 RPM

10. Main Condensate Pumps (2)
Description: Vertical, 2-stage, centrifugal, motor driven

Capacity:
Head:

11. Fuel Oil Heaters
Description:

Capacity:
Inlet T.:
Outlet T.:
Steam Pres:

12. Lube Oil Coolers
Description:

Surface:
Inlet T.:
Outlet T.:
Sea Water Temp:
Material:

13. Feed Water Heater(s)
Description:

300 GPM
200 Ft at 1750 RPM

(3)
Horizontal, steam, 2-Pass, U-Tube

12,000 #/HR
100° F.
250° F
150 Psl

(2)
Horizontal, single pass, straight-tube

1200 Ft2

140° F.
120° F
86° F
10-10 Cu-N-Alloy

Drain cooler (l), and Gland Exhaust Condenser
Horizontal, multi-pass, straight tube, closed,

f t



14. Deaerating Feed Heater (1)
Description: Verti

Capacity:
Outlet T.:

cal, direct contact, deaerat

140,000 #/HR
2850 F.

ng spray type
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STANDARD STEAM PROPULSION

APPENDIX B.1.2

APPLICATION

1. Main Boilers
Description:

Steam Conditions:
Air Inlet Temp:
Evap. (Capacity):
Efficiency:
Feed Water Temp:
Specific Fuel:
Size:
Weight:

2. Main Turbine
Description:

output:
Turbine RPM
Steam Conditions:
No. Extractions:
Size:
Weight:

3. Main Condenser
Description:

Surface:
Capacity:
Vacuum:
Cooling Water:

PLANT DATA

28-32000 SHP

TONNAGE RANGE
TANKER 1oo-150000 DWT
R O / R O  20000
LASH 22-27000 

(2)
2 Drum, single furnace, water-wall, superheater
internal desuperheater economizer, air heater
and full automatic combustion control

850 PSI at 950°
450° F
115,000 #/HR
88.5
415° F.
.45 #/SHP/HR
15' X 22' X 25’
56 Tons (ea)

1 Set
Cross-compound,

F

impulse, single flow, astern
elements in L.P. turbine

32,000 SHP
H.P. - 4300, L.P. 3500
850 PSI at 950° F.

x 15' x 10', L.P. - 10' X 26' X 12'

, single pass. surface type

26000 Ft2

150,000 #/HR
28.5" Hg
37500 GpM at 6.o FPS

Tube Diameter & Thick: 3/4” X 18 BWG
Material - Sheet, Plate, Sep: 10-10 CU-NI alloy
Size: 271 X 12’ X 15’
Weight: 60 Tons



4. Reduction Gear
Description:

*Rating:
*“K" Factors:
Size:
Weight:
Note: May Vary

5. Main Lube Oil Pump
Description:

Capacity:
Head:
RPM:

6. Forced Draft Fans
Description:

Capacity:
Static Pres:

7. Main Feed Pumps
Description:

1 Set
Double reduction, double helical, articulated,  
reversible with attached L.O. pumps

32,000 SHP
1st - 140, 2nd - 110
10’ X 26’ X 18’
65 Tons

by Ship Type

(2)
 Vertical, rotary, motor driven sump type  

600 GPM
60 PSI
1200

(2)
Horizontal, centrifugal, motor driven

50000 CFM
25” Hg

(2)
Horizontal, multi-stage, centrifugal, steam
turbine driven

Capacity:
Head:

60 GPM
350 PSI

Capacity: 600 GPH
Head: 1200 Psi

8. Fuel Oil Service Pumps (2)
Description: Horizontal, rotary, motor driven
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9. Main Circulating Pumps
Description:

Capacity:
Head:

10. Main Condensate Pumps
Description:

Capacity:
Head:

11. Fuel Oil Heaters
Description:

Capacity:
F.O. Inlet T.:
F.O. Outlet T.:

Steam Pres:

12. Lube Oil Coolers
Description:

Surface:
L.O.inlet T.:
L.O.Outlet T.:

Sea Water Temp:
Material:

13. Feed Water Heater(s)
- drain cooler and
Gland leak-off
Condenser

Description:

Capacity:
Outlet T.:

(2)
Vertical, single stage, centrifugal,
2-speed, motor driven

 27,000 GPM (total)
25’ at 600 RPM

(2)
Vertical, centrifugal, 2-stage, motor driven

400 GPM
250 '

(2)
Horizontal, extended surfaces, shell and finned
tube.

22,000 #/HR
100°F.
2500F.
150 PSI

(2)
Horizontal, multi-pass-straight tube

1000 Ft2

140° F.
120° F.
85° F.
90-10 CU-Ni

(1)

Horizontal, single shell, surface type

210,000 #/HR
185° F. .
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14. Deaerating Feed Heater ( 1 )  
Description: Vertical, direct contact spray type

Capacity:
Outlet T.:

250,000 #/HR
285° F.
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STANDARD STEAM PROPULSION

PLANT DATAAPPENDIX B.I.3

36-40000 SHP

TONNAGE RANGE
240-280000 DWTTANKER

APPLICATION LNG 6 5 0 0 0  
RO/RO

(2)
30000

2 Drum, single furnace , water-wall economizer.
1. Main Boilers

Description:
superheater, internal desuperheater, air heater,
full automatic combustion control

Steam Conditions:
Air Inlet Temp:
Evap. (Capacity):
Efficiency:
Feed Water Temp:
Specific Fuel
Size:
Weight:

850 PSI at 950°
280° F.
135,000 #/HR

F.

.48 #/SHP/HR
15’ X 25’ X 30'
68Tons (ea)

impulse, single flow,
2. Main Turbine

Description:
1 Set
Cross-compound,
in L.P. turbine

astern element

output:
Turbine RPM
Steam Conditions:
No. Extractions:
Size:
Weight:

40000 SHP
H.P. - 5650, L.P. - 3400
850 PSI at 950° F.
4
H.P. - 6’ X 15’ X 10’, L.P. - 12’ x 31' x 14' 
38 Tons

3. Main Condenser
Description:

(1)
Horizontal, singIe-pass, surface type dual function

Surface: 30,000 Ft2

Capacity: 175,000 #/HR
Vacuum: 28.5" Hg
Cooling Water: 40,000 GPM
Tube Diameter & Thick: 3/4” X 18 BWG
Material - Sheet, Plate, Sep: 90-10 CU-Ni Alloy
Size: 35’ X 12’ X 18’
Weight: 65 Tons



4.Reduction Gear
Description:

1 Set
Double reduction, double helical, articulated with
attached L.O. pumps, reversible

*Rating: 40,000 SHP
*"K' Factors: 1st - 140, 2nd - 110
Size: 12’ x 32’ x 14'
Weight: 80 Tons
*Note: May Vary by Ship Type

5. Main Lube Oil Pump (2)
Description: Vertical, rotary, motor driven sump type 

Capacity: 700 GPM
Head: 60 PSI
RPM: 1200 RPM

6. Forced Draft Fans (2)
Description: Horizontal, centrifugal, motor driven

Capacity: 60000 CFM
Static Pres: 25” Hg

7. Main Feed Pumps (2)
Description: Horizontal, multi-stage, centrifugal, steam turbine

driven

Capacity: 875 GPM
Head: 1200 PSI

8. Fuel Oil Service Pumps (2)
Description: Horizontal, rotary, motor driven

Capacity:
Head:

60 GPM
350 PSI
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9. Main Circulating Pumps (2)
Description: Vertical, single stage, centrifugal, motor driven

Capacity: 40000 GPM (Total)
Head: 25”

10. Main Condensate Pumps (2)
Description: Vertical, 2-stage, centrifugal, motor driven

Capacity:
Head:

11. Fuel Oil Heaters
Description:

Capacity:
Inlet T.:
Outlet T.:
Steam Pres:

12. Lube Oil Coolers
Description:

475 GPM
250 Ft

(3)
Horizontal, multi- pass,steam, straight, extended
surface type

15000 #/HR
100° F.
250° F
150 PSI

(2)
Horizontal, multi-pass, straight-tube

Surface: 1200 Ft2
L.O. Inlet T.: 140° F.
L.O. Outlet T.: 120° F.

Sea Water Temp: 850 F.
Material: . 90-10 CU-Ni

13. Feed Water Heater(s) (3)
Description: Horizontal, steam, single pass, surface with drain

cooler

Capacity:
Outlet T.:

250,000 #/HR
280 0

F

3



14. Deaerating Feed Heater (1)
Description: Vertical.

Capacity:
Outlet T.:

direct contact, deaerating

200,000 #/HR
280° F.

 spray type
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APPENDIX B.1.4

APPLICATION

1. Main Boilers
Description:

Steam Conditions:
Air Inlet Temp:
Evap. (Capacity):
Efficiency:
Feed Water Temp:
Specific Fuel:
Size:
Weight:

2. Main Turbine
Description:

Output:
Turbine RPM
Steam Conditions:
No. Extractions:
Size:
Weight:

3. Main Condenser
Description:

Surface:
Capacity:
Vacuum:
Cooling Water:

STANDARD STEAM PROPULSION

PLANT DATA

43-45,000 SHP

TONNAGE RANGE
T A N K E R  

(2)
2-drum, water wall, economizer, superheater,
internal desuperheater air heater, full automatic
combustion control.

850 PSI at 950°
280° F.
160,000 #/HR
88.5
280°F
.48 #/SHP/HR
201 x 28' x 30'
80 Tons (ea)

1 Set
Cross-compound,
element in L.P.

F.

impulse, single flow, astern .
turbine

45000 SHP
H.P. - 4360, L.P. - 3410
850 PSI, 950° F.
4
H.P. - 6' x 15' x 10', L.P. - 14' x 32' x 15’
47 Tons

(1)
Horizontal, single pass, surface dual function

35,000 Ft2

225,000 #/HR
28.5” Hg
47,500 GPM

Tube Diameter & Thick: 3/4” X 18 BWG
Material - Sheet, Plate, Sep: 90-10 CU-Ni Alloy
Size: 36’ X 14’ x 20'
Weight: 80 Tons



4. Reduction Gear
Description:

1 Set
Double reduction, double
reversible with attached

*Rating: 45000 SHP
*“R’ Factors: 1st - 140, 2nd - 110
Size: 12’ x 32’ x 16'
Weight: 110 Tons
*Note: May Vary by Ship Type

5. Main Lube Oil Pump (2)
Description:

Capacity:
Head:
RPM:

6. Forced Draft Fans
Description:

Capacity:
Static Pres:

7. Main Feed Pumps
Description:

helical articulated,
L.O. Pumps

Vertical, rotary, motor driven sump type .

700 GPM
60 PSI
1200

(2)
Horizontal, centrifugal, motor driven

70,000 CFM
30" Hg

(2)
Horizontal, multi-stage, centrifugal, steam turbine
driven

Capacity: 950 GPM
Head: 1200 PSI

8. Fuel Oil Service Pumps (2)
Description: Horizontal, rotary, motor driven

Capacity:
Head:

60 GPM
350 PSI



9. Main Circulating Pumps (2)
Description: Vertical, single stage, centrifugal motor driven

Capacity: 50000 GPM (Total)
Head: 25 Ft

10. Main Condensate Pumps (2)
Description: Vertical, centrifugal, 2-stage, motor driven

Capacity:
Head:

11. Fuel Oil Heaters
Description:

Capacity:
F.O. Inlet T.:
F.O. Outlet T.:

Steam Pres:

12. Lube Oil Coolers
Description:

Surface:
L.O. Inlet T.:
L.O. Outlet T.:

Sea Water Temp:
Material:

13. Feed Water Heater(s),

600 GPM
250 Ft

(3)
Horizontal, multi-pass, straight tube, steam

15000 #/HR
100° F.
250° F.
150 PSI

(2)
Horizontal, single-pass, straight-tube

Gland Exhaust Condenser
and Drain Cooler

Description: Horizontal, single-pass, steam, straight tube

Capacity:
Outlet T.:

1200 Ft2

140° F.
120° F.
85° F.
90-10 CU-Ni

(1)



14. Deaerating Feed Heater (1)
Description: Vertical, spray type, direct contact deaerating

Capacity:
Outlet T.:
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STANDARD STEAM PROPULSION

APPENDIX B.1.5

APPLICATION

1. Main Boilers
Description:

Steam Conditions:
Air Inlet Temp:
Evap. (Capacity):
Efficiency:
Feed Water Temp:
Specific Fuel:
Size:
Weight:

2. Main Turbine
Description:

output:
Turbine RPM
Steam Conditions:
No. Extractions:
Size:
Weight:

3. Main Condenser
Description:

PLANT DATA

50,000+ SHP

TANKER
TONNAGE RANGE
450,000 DWT

(2)
2-Drum, water-wail-superheater economizer, internal
control desuperheater, air heater, full automatic
combustion control

850.PSI at 950° F
3000 F.
180,000 #/HR
88.5
415° F.
.48 #’/SHP/HR
22’ X 28’ X 30’
110 Ton (ea)

1 Set
Cross-compound, impulse, single or double flow,
astern element in L.P. Turbine 

50000+ SHP
H.P. - 4500, L.P. - 3600
850 PSI at 950° F.
4
H.P. - 8’ x 15’ x 10’, L.P. - 15’ x 32’ x 15’
65+ Tons

(1)
Horizontal, deaerating, surface, multi-pass, dual
function

Surface: 45000 Ft2

Capacity: 275000+ #/HR
Vacuum: 28.5” Hg
Cooling Water: 50,000+ GPM
Tube Diameter & Thick: 3/4” X 18 BWG
Material - Sheet, Plate, Sep: 9O-10 CU-Ni
Size: 40’ X 16’ X 18’
Weight: 100 Tons



4. Reduction Gear
Description:

1 Set
Double Reduction, Double helical, locked train,
reversible with L.O. pumps attached

*Rating: 50,000+ SHP
*“F’ Factors: 1st - 140. 2nd - 110
Size: 20’ X 251xX22'
Weight: 140+ Tons

*Note: May Vary by Ship Type

5. Main Lube Oil Pump (2)
Description: Vertical, rotary,

Capacity:
Head:
RPM :

6. Forced Draft Fans
Description:

Capacity:
Static Pres:

7. Main Feed Pumps
Description:

700 GPM
60 PSI
1200

(2)

75000+ CFM
30” Hg

motor driven sump type

fugal, motor driven

(2)
Horizontal, multi-stage, centrifugal, steam turbine
driven

Capacity: 1000 GPM
Head: 1200 PSI

8. Fuel Oil Service Pumps (2)
Description: Horizontal, rotary, motor driven

Capacity:
Head:

60 GPM
350 PSI
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9. Main Circulating Pumps (2)
Description: Vertical , single stage, centrifugal motor driven

Capacity:  50 ,000+ (Total)
Head: 30 Ft

10. Main Condensate Pumps (2)
Description: Vertical, centrifugal, 2-stage motor driven

Capacity:
Head:

11. Fuel Oil Heaters
Description:

600
250

(3)
Hori

Capacity:
F.O. Inlet T.:
F.O. Outlet T.:

Steam Pres:

12. Lube Oil Coolers
Description:

Surface:
L.O. Inlet T.:
L.O. Outlet T.:

Sea Water Temp:
Material:

13. Feed Water Heater(s),
Gland exhaust con-
denser and drain

Description:

Capacity:
Outlet T.:

GPM
Ft

zontal, steam, multi-pass strai ght tube.

15000 #/HR
100° F.
2500 F
150 Psl

(2)
Horizontal, single-pass, straight-tube

1400 Ft2

140° F.
120° F.
85° F.

90-10 CU-Ni

(1)

cooler

single-pass, steam, straightHorizontal, 

350.000 #/HR
285° F.

-3-
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STANDARD DIESEL PROPULS10N
PLANT DATAAPPENDIX B.1.6

8-10000 SHP

Tonnage Range

25000 DWTBULK/GEN . CARGOAPPLICATION

1. Main Engines (1)

Description: 4-cycle, v-16, marine,
pneumatically coupled.
10000 BHP at 400 RPM
17” x 21”
195 psi
23’ X 14’ X 16’
115 Tons

turbo-charged,

Rating:
Bore/Stroke:
BMEP :
Size:
Weight:

2. Controls

Automatic centralized control; remote engine
and propeller control; automatic instrument
monitoring and recording
Manned, ACC/ABS Certification”
Data, alarm loggers, automatic and manual
control modes, digital display and constant
readout gages
Main control console - Engine Room

Type:

Classification:
Equipment:

Location:

3. Compressed Air System

Compressor Descrip-
tion: Two, 2-stage, 2 cyl. motor driven, automatic
Capacity: 100 CFM
Pressure: 600 PSI
RPM: 875

Exhaust Gas Boilers (1)

Description: Horizontal, single
heat recovery

Capacity: 2500 #/HR
Pressure: 150 PSI
Temp. : 250° F. .

5.  M.E. Fresh Water Coolers (2)

4.

gas pass, water tube, waste

5.

Description: Horizontal, straight tube, double pass. raw
water

Surface: 350 Ft2

Outlet: 200° F.



6.

7.

8.

9.

10.

11.

12.

13.

M.E. Lube Oil Coolers (2)

Description:
Surface:
O u t l e t :  

‘Horizontal, 2-pass. , raw water, straight tube
500 Ft2

200° F.

Fuel Oil Heaters (1)

Description:
Surface:
Temp. :

Horizontal, 2-pass., straight tube, steam
1 2 5  F t 2
200° F.

Fuel Oil PUrifier (1)

Description:
Capacity:
Heater:

Centrifugal
450 GPH

, automatic, motor driven 

18 KW

Lube Oil Purifier (1)

Description:
Capacity:
Heater:

Centrifugal, automatic, motor driven
350 GPH
25 KW

(1)
Vertical, centrifugal
40 GPM

, motor driven

60 PSI

Fuel Oil Booster Pumps
Description:
Capacity:
Head:

(2)M.E. Lube Oil Pumps

Description:
Capacity:
Head:

Vertical, centrifugal
600 GPM

, motor sump type

75 PSI

M.E. Cooling Water Pump (2)

Description: Horizontal, centrifugal, motor driven
Capacity: 1000 GPM
Head: 60 PSI

Main Salt Water Pumps (2)

Description: Horizontal, centrifugal, motor driven
Capacity: 1500 GPM
Head: 75‘



14. Reduction Gear (1)

Description: Single reduction, double helical, attached
-R.G. L.O. Pumps, non-reversible, twin pinion,
clutch connected

Rating: 10000 SHP at 130 RPM
Gear/Ratio: “ , 3.5/1

NOTE : May be designed with reversing capabilities.
in lieu of a CP Propeller.



APPENDIX B-2

ELECTRIC PROPULSION

1. G e n e r a l  

Historically, electric drive systems have been in use in the United

States since 1912 when the Collier USS Jupiter was converted into the

first aircraft carrier and renamed the USS Langly. Subsequently, electric

drive systems were increasingly used until the shortage of reduction gears

during World War Ii spotlighted electric drive systems as a suitable 

alternate for the reduction gears on board T-2 tankers. At this point,

the number of electric drive systems dramatically increased, and the success

of the T-2 tanker design is directly attributed to its electric drive system.

After World War 11, the availability of reduction gears with their

associated efficient operation and lower cost, pushed electric drive systems

into the background. However, in recent years due to the development of

solid state controls, computer aided equipment designs and the development

of better insulation, shipboard electrical equipment has become more

efficient, smaller in volume and weight, and more cost effective than

previous equipment.

In recent years, the off-shore oil industry has developed drilling

ships and platforms with electric drive systems. This was due to the fact

that the on-station drilling equipment requires a very large electrical

power plant which would be idle during transit if another use could not

be found. Of course, the obvious answer was a single power plant in a

multiple use application, namely to provide power for drilling operation 

on-station and power for the propulsion system in the transit node. T o d a y ,  

nearly all oil drilling ships and semi-submersible platforms utilize this

type of power system and to the oil industry this concept is not only

reliable but also cost effective.



The biggest advantage of electric drive systems is in the area of

equipment arrangement. The propulsion motor(s) can be located remotely

near the shaft penetration of the ship, thereby eliminating the need for

long shafts, shaft alleys and the associated clear space required for safe

operation. The prime movers and generators , and switchgear can be judiciously

located in an arrangement which would efficiently utilize ship space due to

the elimination of all mechanical connections between the drive and its

power source. This approach wiIl eliminate the engine room concept as we

know it today and in general, more closely resemble the Chevron tankers

under construction in Portland, Oregon. In this manner, a more compact

engine room with increased space for cargo or a smaller ship with the same

cargo capacity can be constructed. However, it must be pointed out that

the extent this concept can be implemented would be a function of the

electrical system in conjunction with its prime mover.

Propulsion systems such as multiple DC motors driving a single shaft

through a common

tion to the oil

systems will not

required to achieve

propulsion. For this

drive systems as to

all systems and equi

gear will not be investigated due to their unique applica-

ndustry. In addition, super-conducting electric drive

be gated due to the research and developnmt still

as a viable system for the vital function of

invest

status

 program, we will investigate the standard electric

their application and cost effectiveness.

pment selected will be within the state of

with sufficient experience that if chosen, they could be readily

for standardization.

2. Electric Propulsion Systems

Accordingly,

the art

 identified

A recent article in Marine Engineering Log described marine electrical

propulsion plants as, being in two broad categories, D.C. and A.C. systems.

They stated that D.C. systems find application primarily in the low 
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moderate power range (1000 to 6000 hp per shaft) while A.C. systems are

more generally found in the medium- to high-power ranges (to 60,000 hp

per shaft). in order to properly appreciate the workings of each system

for comparison and application, a funct

including a hybrid system, follows:

a. Direct Current Systems

onal description of each system,

These systems usually consist of a shunt-wound D-C motor directly

connected to the propeller shaft, fed from a multiplicity of generators,

connected either in a series or parallel arrangement. A series-loop

connection is more normally found, as it has rather basic advantages

in ship propulsion. The generators can be lower voltage machines,

and a series connection prevents over-loading of one machine if the

other is shut down. If, however, there are more than three generators

in the loop feeding one motor, then a paralled connection might be

advantageous.

Basic control of a D-C propulsion drive is accomplished by varying

the generator voltage by means of voltage control on the field. The

process is smooth and simple, and lends itself readily to remote

control. Pilot-house control of D-C propulsion drive systems, giving

continuous speed control from full ahead to full astern, goes back 40

years. This ease of control also facilitates the use of multiple

control stations.

A unique feature of the D-C electric drive is its ability to adapt

itself to a range of propeller power versus speed characteristics.

This characteristic changes somewhat with hull condition and vessel 

loading, but these changes are not very large and can be accepted

without major effects on the propelling machinery. However, when a
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vessel is stuck in ice, or has a heavy tcw, the propeller will exhibit

a very different torque-speed characteristic. Herein is the reason

D-C motors have been used recently for ice-breaker propulsion systems.

This type of system will match the speed-torque characteristic of any

prime mover to the variable propeller characteristic, so full engine

power can be utilized throughout the range of stalled to free-running

ships in both forward and reverse

This adaptability is obtained

that it can develop full power at

then weakening its field strength

directions.

by selecting the propeller motor so

the stalled ship propeller speed, and

to match any other full power propeller

speed up to that of the free-running condition. In effect, the system

provides a variable speed ratio between the prime movers and the pro-

peller. It also can-operate at relatively

short time needed to reverse or accelerate

propeller.response can be achieved without

engine(s), since the system voltage is low

of rated.

b. Alternating Current Systems

high overcurrents for the

the propeller. This rapid

overloading the-driving

and the KW input below that

These systems usually consist of a directly connected, high-speed

generator(s) furnishing power to a single, low-speed synchronous motor

on the propeller. With synchronous machines, there is a fixed ratio

of speed between the generator and the propeller motor. The ratio is

governed by the ratio of the number of poles on the motor to the 

number of poles on the generator. As an example, a two-pole generator

operating at 3600 rpm could supply power to a 60-pole synchronous 

motor, causing it to turn at 1/30 of the generator’s speed, or 120 rpm.

As in the A.C synchronous system, both generator and motor are locked-

in with frequency. it iS useful to think

as being electrically "geared” together. 

-4-
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A.C. drive equipment when compared with its D.C. counterpart have

many advantages in weight,
.

size, cost, maintenance and simplicity.

This. kind of propulsion is-particularly adaptable to ships requiring

high power since both A.C. generators and motors readily can be built

for powers of 50,000 hp and more. A.C. drives are most suitable for

ships that spend a high proportion of their operating time at or near

full rather than at severely reduced power or in frequent maneuvering

service.

Voltage levels found on A-C propulsion systems will range from

about 2300 to 15,000 volts, with the largest power units being associated

with the higher voltages. Voltages are selected on the basis of motor

and generator design considerations and on the basis of available

switching devices.

The induction motor was operated on early installations because its

torque performance afforded the conservatism. necessary on an application

where little was known about the actual torque requirements of a pro-

peller under maneuvering conditions. After experience was gained with

the induction motor drives, the more desirable synchronous motor was

applied with success. By providing the synchronous rotor field with a

special pole face or “amortisseur" winding, it could be operated as a

squirrel-cage induction rotor during maneuvering, and then switched to

synchronous mode as it came up to the proper synchronous speed with

the generator(s).

Among the advantages of the synchronous motor are a high efficiency

(98 percent) and the ability to operate at 100 percent power factor.

There is also the flexibility of installation found in other electric

drives, as well as the ease of reversing. Although A.C. drive equipment 

can be built in much larger ratings than is possible with D-C drives, 

it doesn’t have quite the smooth, stepless control that latter enjoys.
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In the A-C synchronous ystem, speed control of the propulsion

motor is obtained by varying the speed of the prime mover and consequently

the frequency of the generator and propulsion motor.

be varied over

However, below

motor operates

a range from approximately 20 percent

this speed, the excitation voltage is

as a standard squirrel cage induction

Turbine speed can

to 100 percent speed.

cut off and the

motor.

As in the D-C system, there has to be an excitation subsystem. But

this one must provide the motor and generator-field power requirements

for 1.0 power factor synchronous operation and also must be able to

over-excite the propulsion generator during starting and reversing of

the propulsion motor. Below 20 percent speed, the motor power factor

will be very low and its current demands high, requiring this over-

excitation of the generator windings. These conditions are particularly

severe when the motor is reversed from a full ahead operating condition,

because the ship continues to move through the water at considerable

speed, and the water flowing through the propeller area causes it to

resist the efforts of the motor to stop and reverse it.

With an A-C drive, it is necessary to have a separate source of

excitation power. It is not practical to employ shaft-drive exciters

because of the wide speed range of the turbine-generating sets, and

the fact that the exciter must provide considerably more excitation

during the lower speeds of maneuvering than at the higher speeds for

transit. This cannot be done at the minimum generator speed, thus

excitation is commonly supplied from separate H-G sets or static

exciters operating from the ship’s service power system.

Under steady running conditions, sufficient excitation must be

maintained on the main generator so that the motor does not pull  out
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of step because of torque variations on the propeller. A voltage
----

regulator acts automatically to provide increased excitation, when

torque variations from turning, high seas or other aberations warrant .

it.

c. Rectified A.C. Drive Systems

The recently developed silicon rectified (thyristor) makes

possible the use of high-speed A-C generator sets to provide power to

D-C propulsion motors. This hybrid retains the favorable speed-torque

and control characteristics of the conventional D-C system and permits

large, high-speed prime movers. High propulsion shaft horsepower can

be obtained by double or triple-armature D-C motors. About 15,000 hp

per motors armature is the limit.

This system is comprised of one or more high-speed A-C generator

sets, silicon rectifiers, and a D-C motor usually directly connected

to the shaft. Additional flexibility over that of other systems is

possible, because a transformer is normally inserted between the

generator and rectifier, thus allowing the designer to choose independ-

ently the optimum voltages for the generator and for the motor.

Except for the insertion of the transformers and rectification

units between the A-C generators and the D-C motors, the design of the

rectified ship propulsion system follows the general design standards

previously described. There may be a small sacrifice in efficiency

with such a system, but it allows for the first time the maneuvering

flexibility of the D-C system in the high powers normally associated

with the A-C system.

3. Electric Drive Equipment Analysis for Standardization

A careful review of the three basic electric drive systems previously

described indicates that each

namely electr

system consists of three major subsystems, 

c power generaton, transmission and drive motor. In the 
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case of the hybrid system, the additional elements of transformers and

rectifiers are inserted into the power transmission subsystem which in

effect only changes the voltage and current form.

The generator subsystem consists of the generator frame, insulation,

copper conductors for rotor, stator and field windings, copper bus bars,

bearings, brushes and brush holders, cable connection box, ventilation 

systems, etc., all of which have undergone many iterations of standardi-

zation. The National Electrical Manufacturers Association (NEMA) has

previously standardized all generator frame sizes based upon horsepower

and speed in their standards publication, “Motors and Generators, MG-1”.

Today, major manufacturers of generators have computerized, and.in effect,

standardized all generator designs to such a degree. that special require-

ments for changes from the norm in electrical characteristics will be

contained in a standard generator enclosure. Accordingly, the generator

subsystem is not a candidate for standardization.

The electric power transmission subsystem consists of cables for the

 pure AC and DC drive systems and for the hybrid system, consists of cables,

transformers and rectifiers. Cable current carrying capacities based upon

conductors’ cross-sectional area, insulation type and ambient temperature

have been previously standardized by the Institute of Electrical and

Electronic Engineers in their standard for marine electrical equipment,

“IEEE Std. No. 45” and by the U.S. Navy in their publication “Cable

Comparison Guide, Navships 250-660-23”. Accordingly, marine electric

cables are considered to be sufficiently standardized as to offer no

potential savings by further investigation. 

Transformers are basically constructed of an iron core with primary

and secondary windings which consist of copper conductors with appropriate

number of. turns wrapped around the iron core. At a cost of $10-15 per K
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and the simplicity in the design of the transformer, it has been concluded

that it offers no potential for further standardization or cost savings.

Rectifiers for hybrid electrical drive systems transform a multi-

phase AC voltage” into a two-wire DC voltage at an appropriate power rating.

Presently, the oil industry’s experience is centered around SCR type rectifi-

ers in the 1000 KW range with some applications in the 1500 KW range. Other.

applications for propulsion drives at larger power ratings have just

recently come into prominence. Such ships as the Washington State Ferry

izing rectifiers with a.

of experience with large

nto their potential for

The motor subsystem has undergone the same development

subsystem and is presently standardized to a degree that it

considered a candidate for-further standardization.

4. summary

as the generator

cannot be

The electric drive systems that are used for propulsion power on ships

of the U.S. Maritime fleet, have been previously standardized by equipment

manufacturers and by requirements of the regulatory bodies. It appears

that further investigations will not produce any benefits to the ship owner,

ship builder or equipment manufacturer.

In addition, the cost of an electric drive system is much greater than

one of the standard direct drive systems. The system operational efficiency

is less than alternative systems due to the higher transmission losses.

Unless the propulsion generating plant can be utilized for multiple applica-

tions, such as for roll-on/roll-off ships or ships with self-contained

handling equipment, the

for propulsion drive on

electric drive system will not be a viable candidate

most of the ships involved in this program.
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The major advantage for an electric drive system is in the flexible

arrangement between the power generation units and the drive motor(s).

Since there is

feasible where

an increase in

no mechanical linkage, new equipment arrangements are

space can be more efficiently utilized and thus provide

cargo stowage capacity. it is in this area, and not

standardization of equipment, where the major benefits to the maritime

industry can accrue.
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APPENDIX 8.3

1.

Technical Feasibility of Standardizing Propulsion

Automation Systems

Background

Despite the common

systems for each ship design,

practice of redesigning propulsion automation

a degree of similarity exists among all

control systems for the same type of propulsion plant. This similarity

is probably due to the high degree of commonality among various propul-

sion plant designs and to the similarity between requirements of the

regulatory bodies that are usually invoked for each ship design. All

such requirements are intended to provide only basic control and safety

features,

estimated

and often show a high degree of correlation.

The similarity between propulsion plant designs has

to be as high as 80 - 90% by a recent Maritime Admin

study on control console standardization (Maritime Administrate

Guide for a Standardized Engine Room Propulsion Control Console)

been

stration

on

(Reference 4-1 ) . The degree of similarity in control systems, however,

does not approach this high level. In studying the technical feasibility

of developing standard control system designs, the parameters that cause

greater diversity in control systems must be identified.

2. Parameters Affecting Standardization

Currently, diversity among control systems is caused in part

by variations in power plant design and choice of plant vendor. A basic

postulate in this study of control system standardization is that a .

standard propulsion plant has been designed , and that these differences

no longer exist. With these factors set aside, other parameters that 



affect control system design can be identified. It is these parameters

that will define the feasibility of control system standardization

if feasible, the extent to which standardization can be applied. 

are as follows:

a. Degree of Automation

There are three generally recognized degrees of automat

denoted by the minimum number of engineering watchstanders requ

be present to monitor and control the propulsion plant, and des

as:

(1)

(2)

(3)

Two man watch

One man watch

Unattended machinery space.

and,

hey

ons

red to

gnated

Naturally, as the number of watchstanders is reduced, the

complexity of the control system must be increased to maintain a

satisfactory level of control and supervision over the propulsion plant.

This means an increased number of control , monitoring and alarm functions,

and affects the controlled machinery, the engine room control console, and

the bridge

b.

propulsion

propulsion

control console.

Location of Control Stations

The location of a main control console,

plant and the engine room, also affects

with respect to the

the design of the

control system and the extent of control, monitoring and alarm

functions that are required. Common locations for a control station are:

(1) Within the engine room, unenclosed, usually near the boiler

front for a steam driven ship.

(2) Within an enclosed

room, usually air conditioned and

operating room, located in

provided with windows that

the engine

p r o v i d e  a  

direct view of the propulsion plant.



(3) Remote from the engine room, requiring closed circuit TV

and sound monitoring for supervision of the propulsion plant.

As the main control station is moved to more remote locations

with respect to the propulsion plant, the complexity of the control and

monitoring system usually increases. The control station location also

affects console components in that systems required to operate within an

engine room environment, without the benefit of air conditioning, must

be designed to tolerate higher temperature, humidity and exposure to

oil vapor and other contaminants that may be present.

The bridge is almost universally chosen as the location for

the secondary propulsion control station. Some propulsion controls may

also be provided at other secondary control stations such as at bridge

wings.

c. Differences Among Rules and Regulations

A comparison of the detailed requirements of various regulatory

bodies applicable to ships built in the United States has previously been

documented in a Maritime Administration study on ship design improvement

(A Report to the U. S. Department of Commerce, Maritime Administration

for the Ship Design Improvement Project) (Reference 4-2). The differences

that exist between these regulatory bodies are not considered to be an

important cause of diversity among control system designs since the

same group of regulatory bodies are normally invoked for most ships built

in the United States. These rules are therefore more responsible for the

similarities in control system design, than differences, as all manufacturers

of control systems are required to produce designs capable of meeting

the same combination of requirements.



As designs capable of satisfying all applicable regulatory

bodies do exist, and as differences between regulatory bodies are not an

important cause of diversity in control system design, it will be assumed

that this parameter will not significantly affect design of a standard control

system.

d. Owner Required and Optional Equipment

This classification of equipment is intended to cover all items

not required by regulatory bodies and not essential for control and safety.

Such additional equipment may include:

(1)

(2)

(3)

(4)

(5)

The

always, affect

Data loggers and be’

Additional control,

Vibration and noise

1 loggers

monitoring and alarm points

analysis equipment

Maintenance and condition monitoring equipment

Additional control stations (such as at bridge wings).

addition of this type of equipment may sometimes, but not

the propulsion control console design. Some equipment will

only require additional interface points (terminal strips or external

junction boxes), others may only require a revision to installation

arrangements. While a standard console design can be expected to accommodate

some additional equipment, demands for other equipment may require develop-

ment of alternate standard designs or the use of a non-standard design.

e. Developments in Control System Technology

The rapid rate of technology progress makes obsolescence a

constant threat to the feasibility of any standard design. Currently, this

threat represents a greater danger to a standard control system design than

to a standard propulsion plant design. The rapid rate of development in

the electronic, fluidic and control technology fields limits the useful life 



of today’s control systems to a shorter time span than can be anticipated

for the propulsion plant it will control.

3. Candidates for Standardization

in

set guidelines

room console.

a previous study (Reference 4-1) the Maritime Administration

for the design and development of a standardized engine

This study resolved some of the differences among control

system design by postulating a basic control console capable of accepting

optional features that may be added without changing the basic console

arrangement. The basic console is arranged for a one-man watch and

located within the engine room at the boiler front. The study also sets

various locations and operating requirements for some propulsion

auxiliaries.

In cases where standardization of a parameter leads to a

control system that is less desirable because of its inflexible arrange-

ment, the approach to standard design can follow the approach taken in

the previous Maritime Administration study. The Mritime Administration

guidelines, for example, permit adaptation of their basic console to an

unattended machinery space operation if one-man watch operation is

unacceptable to a potential owner. The Maritime Administration study

recognizes inflexibility of design as one of the pitfalls of standardization.

In selecting candidates for standardization, this study must also define

possible adverse effects, and means by which these effects might be

minimized, in order to define the technical feasibility of standardization.

a. Degrees of Automation

Choosing a standard degree of automation will affect the entire

propulsion plant, not just the control system. The number of monitored



and alarmed points, and the extent of remote and automatic controls change

with different degrees of automation. Each point must be reflected on the

controlled machinery itself as a control sensor or activator. Thus, the

standardization of propulsion machinery is closely related to standardiza-

tion of the degree of automation.

It is possible to develop standard control system designs,

despite the existing variety of degrees of automation, by using

following procedures:

(1) Develop a single standard control system for one

of automation. 

(2) Develop more than

each offering a different degree

one of the

.

degree

one standard control system design,

of automation.

(3) Develop one or more standard designs, each with options

intended to accommodate more than one degree of automation.

The Maritime Administration guide for standardization of pro-

pulsion control consoles (Reference 4-1) uses the last procedure, recom-

mending a design for a one-man watch with options that would permit

unattended operation. The fact that a single console can accommodate both

one-man and unattended operation is possible because most control features

are common to at least two degrees of automation. Thus, only two standard

designs for most machine units would be required to accommodate all

three levels of automation. Where differences in requirements for control

features for any machine unit require only simple hardware changes, these

changes can be offered as options to a single basic component design.

As current trends appear to be approaching higher levels of

automation, initial standards should concentrate on developing designs for 

unattended operation. Alternate designs for lower levels of automation 



can then be developed if justified by demand.

b. Location of Control Stations

Although the Maritime Administration guide for propulsion

console standardization (Reference 4-1) requires that the main control

station be at the boiler front, the current trend appears to require an

enclosed, air conditioned operating station. This selection would provide

improved working conditions for operating personnel and would also provide

an optimum environment for control electronics. Alternate standard designs

for other main control station locations can also be developed if justified

by demand.

The bridge should be chosen as the location of a secondary

control console. The bridge console would be designed as a separate

standard propulsion control unit, much as the main console has a separate

propulsion section. Additional secondary control locations, such as  at

bridge wings. engineerinq office, or special observation stations could be

ac coinmodated by optional control transfer switches and interface points

on the bridge console.

c. Owner Required and Optional Equipment

Although data loggers and bell loggers appear to be declining

in popularity, other equipment that may currently fall into this category

is being rapidly developed , and may soon become normally furnished

components of automated ship control and supervisory systems. it is,

therefore, important to develop a standard control console design which

can be arranged to accept interfaces to such optional equipment.

The problem of interfacing to such optional equipment is the

same as the problems encountered in accommodating different degrees of



automation, or in accepting various technological improvements. The best

standard will be one that shows enough flexibility to accept interfaces to

at least some optional equipment.

d. Developments in Control System Technology

In formulating control system standards, consideration must be

given towards accommodating new technological developments in order to

optimize the life span of such standards and extend the benefits that may

be derived from having standards. This consideration is one of the most

critical in determining the feasibility of a control system standard because

an inability to accommodate technical improvements may make such a

standard unacceptable ‘-

Current developments in control system technology, that should

receive consideration in the implementation of standards, are increasing

use of digital control and signal transmission, and increased automation

of propulsion subsystems, including computer controlled reaction to plant

malfunctions.

The impact of these developments on a control system design

standard is to limit the extent to which the standard can be applied.

Attempting to standardize the control console to a specific internal

arrangement would almost certainly ensure early obsolescence. Console

designs must remain flexible in order to facilitate incorporation of

desirable technical improvements. Standards are best applied to several

levels, external to the actual control console, with each level subject

to change as required for compatibility with various technical improve-

ments. For example, standardization at the machine module boundary to



the control system may

system may be changed,

system may not prevent

be maintained even though the signal transmission

and standardization of the signal transmission

implementation of limited digital computer control

within the console envelope. Of course, the state of control system

technology at the time the standard is implemented will determine the

appropriate levels of standardization.

e. Levels of Standardization

The basic elements of a propulsion control system are the

engine room console, the bridge console and various control actuators

and monitoring/alarm sensors located on the propulsion machinery.

Figure 1 is a block diagram showing the relationship of these elements.

Not

the

shown are the internal electronics and fluidics systems that perform

control functions needed for a full automation system.

As already noted , standardization of the propulsion machinery

itself, both the propulsion engines and the associated auxiliary units,

requires that at least some standardization be applied to the control

actuators and sensors that are mounted on the units. Standardization

of these control actuators and sensors improves opportunities for

standardization of the system interconnection media (i.e., cables, piping)

and interface arrangements on the machine units.

The Maritime Administration guide for standardizing propulsion

consoles (Reference 4-1) develops console control features and guidelines

for physical arrangement of the various controls. Requirements based

on this document also encourages standardization. Together with limita-

tions on size, weight, foundation interface, power requirements, etc.,

this would permit standardization of console outline and installation





drawings, and system interconnecting hardware.

It is anticipated that a console’s internal logic and control

hardware are not likely candidates for standardization. Each console

manufacturer individually selects internal hardware for optimum perform-

ance, price and production methods, and it is expected that restrictions

imposed by standardization would be more firmly resisted than standardization

in other areas. Standardization in this area is further discouraged-as

any possible improvements in design, or any extension of system capabilities

that may be obtainable as a result in changes in internal console design,

would be restricted by the existence of such standards. Benefits of

standardization in this area are essentially limited to maintainability

of the console electronics; however, high maintainability can be obtained

without resorting to standardized control circuitry. Such features as

self-contained trouble-shooting circuits and easily replaceable modules

can be required. Therefore, because of the difficulty anticipated in

applying standardization, the excessive restrictions that would subsequently

be applied, and the doubtful benefits that can be thereby derived,

standardization of the propulsion console should not be applied beyond the

physical size and weight limitations and the location of interface

connections.

The bridge propulsion console and engineer’s alarm panel

should be considered to be extensions of the basic engine room control

system, and standardization should be applied to the same extent as it

is applied to the engine room console.

f. Operational Characteristics

In addition to the size, weight, interface characteristics and 

other previously discussed parameters, the following control system



characteristics should be considered as candidates for standardization:

(1) Method of Control

Control actuators can be either pneumatically, hydraulically,

electro-mechanically or electronically driven. This choice of actuating

media should be made for each of the actuators in a control system, and

established as a standard for that system.

determined

(2) Performance Requirements

Performance requirements for each control actuator are pre-

by the controlled machinery and are consequently established

as standards once the propulsion machinery design is standardized.

(3) Number of Control Functions

The degree of automation and the characteristics of the controlled

machinery will determine the functions that require remote and/or automatic

control. Standardization of the degree of automation and the propulsion

machinery will permit standardization of the functions required to interface

with the control system.

(4) Number of Monitoring & Alarm Points

This control system characteristic is also largely predetermined

by the degree of automation and the controlled machinery.

(5) Control Power Requirements

Characteristics of electrical, hydraulic and pneumatic supplies

are essentially standardized at the present time. Power consumption may

vary as a result of variations and in equipment layout and differences

between equipment procured from various vendors; however, an overall limit

on power consumption can be set and should permit sizing of standardized 

power sources and interconnections.



4. Summary of Technical Feasibility

The solution to the problem of selecting criteria for a standard

control system design is complicated by the wide variety of systems demanded

by different ship owners and operators. In order for a standard to be

successful, it must accommodate enough features to be acceptable to most

owners, without containing more features than any owner would be willing to

buy .

Owners usually choose a control system on the basis of past

experience, personal preference, or detailed life cycle cost studies aimed

toward optimizing the tradeoff between initial cost and operation expense.

In this regard, a control system standard design is extremely sensitive.

Changes in several of the design parameters can involve significant changes

in a ship’s initial cost, and correspondingly large changes in manning and

operating expenses.

While the diverse requirements of various ship owners may seem

to discourage control system standardization , other considerations add

promise to the possibility of standardization. Several shipyards in fact

have had success with varying degrees of propulsion plant standardization,

indicating that owner acceptance of standardized ships is increasing. The

owner stands to benefit by way of reduced initial purchase costs, reduced

construction lead time, reduced initial system test and troubleshooting

time, and less time required for personnel training and ship maintainability.

Where requirements for a variety of designs exists, it may-be

possible to satisfy these various requirements with a relatively small

group of alternate standards , or by implementation of standards capable



of accepting various optional equipment. The same methods of applying

standards may allow gradual incorporation of new developments in control

capability or system safety, until general industry acceptance makes total

revision of a standard necessary.

Thus, technical feasibility of a control system standard

depends upon the system’s flexibility, as a rigid control system standard

is likely to be unattractive to many ship owners, unacceptable to equipment

manufacturers and technically unacceptable as a standard due to its

inability to provide for future improvements in control and safety.



 APPENDIX B.4.a

TRIP REPORT: Avondale Shipyards, Inc.

DATE :

PERSONS MAKI

PERSONS VISI

Avondale, La.

October 8, 1974

NG TRIP: Mr. N. Maniar, Vice President, Basic Ship Division
Mr. J. Lancaster

TED : Mr. T. Doussan, Vice President and Chief Engineer
Hr. W. Emmons, Engineering
Mr. V. Baricev, Director of Purchases

PURPOSE:

To visit Avondale .Shipyards, Inc. (ASI) and solicit comments on

M. Rosenblatt & Son, Inc. (MRES) efforts concerning the Propul-

sion Plant Standardization Feasibility Study as it exists to date.

DISCUSSION:

Mr. Maniar opened the meeting by presenting to ASI the objective

and scope of the feasibility study. A discussion of the MR&S

forecast and Avondale’s projected plans for construction followed.

It was interesting to note that for the greater part, Avondale’s

plans and the forecast were

After a presentation of the

were requested. Avondale’s

in agreement.

standards candidates, ASI’S comments

concern over the difficulty of pro-

ducing national standards seemed to agree with the comments of-

fered by other shipyards. The intrinsic capacities and capabil-

ities of each shipyard and the inherent characteristics of each

ship causes tremendous difficulty when trying to apply standards.

Other problem areas were also mentioned; but underlying this dis- 

cussion-was the thought that, although these ’problems do exist

and should be realized when writing the standards, it does not

mean that the standards are not beneficial and workable.



Problems mentioned by Avondale which were not mentioned by any

other shipyard were as follows:

- Before the-envelope concept of standardizing

can realize ny cost benefits, an engine room

arrangement must be developed.

Ž The standards seem to

of responsibility for

yards to conform - no

is MR&S’ view that PO’

verse affect and that

standards as proposed

lack the requirements

manufacturers and ship-

policing. However, it

icing would have an ad-

the cost benefit of such

should provide enough—

incentive for cceptance.

Ž Standards for individual equipment/components

should only be written after a survey of what

is available has been made. Individual stan-

dards should be made to comply with what ven-

dors are producing for the largest portion of

their business since this is what they base

their designs on.

A discussion of possible standardization in the area of purchasing

was held with both the engineering and purchasing departments. Engine-

ering’s comments were as follows:

Trying to specify the exact piecesof machinery

from the exact manufacturer before going to the

ship owner for contract although it may be im-

possible, would cause some tremendous benefits.



When

main

Ž Specification should be written with

simplicity in mind.

Ž The volume of marine business when

compared to the volume of shore side   

business makes it very difficult for

the shipbuilding industry to drive the

vendors towards what the marine industry

wants.

9 Specifications should deal mainly with

the performance of

Ž It is not believed

of the procurement

time and costs.

discussing this same topic

the machinery.
.

that a modification

procedure will decrease

with the purchasing department, the

idea generated was to have the legal portions of the contracts

standardized. When negotiating the contracts with the vendors, the

legal clauses, imposed on the shipyard during the signing of the

contract with the ship owner, must be passed on. This causes a

great deal of delay because of differences from serious contracts.

Having a standard “form” contract could decrease procurement time

by three to six weeks.

Another area discussed during the meetings held with the engineering

department dealt with design time. It was noted that design time ‘

has increased tremendously

duction is necessary. The

for increased design time:

over the years

following were

and it is felt that a re-

mentioned as the reasons
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time is being spentMore

with

corresponding

the manufacturers.

Ships are mare complex and complicated

creating additional design time.

Machinery is now being designed closer

to their limits with a resultant decrease

in margin. This causes the shipyards to

require 

the anal

Vendor i

closer and additional checking of

ytical work.

nformation seems to be very slow

and in some instances withheld.

For the same basic engine room designed

years ago; 

requires cl

Talent avai

the “one-manned” engine room 

oser Coast Guard review.

lable is in short supply.

not have a jaundiced opinion of the ideaIn general, Avondale did

of standards, nor did they feel that the standards candidates were

workable. They kept an open mind and would accept realistic candi-

dates for standards development; however, they were very helpful in

calling attention to certain problem areas. It was feld that, al-

though these problems do exist, the

rejected and are possibly workable.

standards were not automatically



APPENDIX B.4.b

TRIP REPORT: Bethlehem Steel Shipyard
Sparrows Point, Maryland

PERSONS MAKING TRIP: Mr. A. Isaacson
Mr. J. Lancaster

PERSONS VISITED: Mr. A. Lebrun
Mr. W. Nichols

PURPOSE:

To visit Bethlehem Steel Shipyard (BSS) and solicit comments on
M. Rosenblatt & Son, Inc. (MR&S) efforts concerning the Propulsion
Plant Standardization Feasibility Study as it exists to date.

DISCUSS1ON:

Mr. Isaacson
and scope of
used by MR&S

opened the meeting by presenting to BSS the objective
the feasibility study, and in some detail, the procedure
in the classifying, listinq, selectinq and evaluating the

standards candidates. This-was briefly-discussed ‘by all in attend-
ance - more specifically, the basis for the criteria used in evaluation
of the standards and the matrices were discussed.

Mr. lsaacson then presented the candidates as selected and grouped while
soliciting.BSS comments. A lengthy discussion ensued after the presenta-
tion of each group (i.e.: standard propulsion plants, modules, envelopes
and individual equipment). Detailed points made by BSS are as follows:

1. It is difficult to standardize on SHP ranges since
each individual owner has his own requirements. BSS
pointed out that they market tankers with standard 
propulsion plants in exact SHP’S increasing by in-
crements of five thousand (5,000). Mr. Isaacson
mentioned that MR&S also had listed them in this manner
prior to the last advisory council meeting but was re-
quested to change to a horsepower range.

2. Packaging systems are much more difficult at the-lower
levels of the engine room especially on tankers where
the engine room is aft-the lower level is tight with
large web framing.

3. BSS uses modules as much as possible but must tailor
them to each ship design.

4. BSS has made much the same modules as MR&S proposes.

5. Shipping size and crane capacity may prevent development
of power unit modules.



6. Buying an outside assembled (assembled elsewhere than at shipyards),
package creates a tremendous problem in procurement and
coordination.

7. Modules and envelopes must be designed with the flow of
piping, walkways, maintenance space, and interfering
piping kept in mind. In addition, the need of a facility
to turn the module to fit his ship may cause problems.

8. National standards are very difficult to develop because
of owner requests, individual ship design constraints, ship-
yard capabilities and varying interfacing problems.

9. Havy tried to standardize turbo-generators but it was most 
unpopular with manufacturers. There were no bidders. 

10. Standardization of individual equipment would meet with similar
resistance.

11. BSS’S

a.

b.

c.

d.

A l

Del

largest problem areas are as follows:

ack of quality control by the equipment manufacturers.

ivery of equipment, materials and software are late.

Plans to start work do not arrive at the shipyard from the
vendors on time.

BSS would like to buy off-the-shelf items and eliminate
specials.

In summation, Bethlehem Steel’s general comments were that the utilization
of standards in propulsion machinery may not be practical. However, they
feel that the feasibility study may be important and useful if some of
the problems involved in ships machinery installations are reviewed and
brought to the attention of the shipbuilding industry.



APPENDIX B .4. c

DATES:

PLACE:

SUBJECT:

PARTICIPANTS:

a)

1.

b)

c)

d)

e)

f)

TRIP REPORT

14, 15, 16, 21 August 1974

Athens, Greece

Ship Producibility Research Program

THANOS KIPREOS, MR&S and

September 3, 1974
File No. 2650

Niarchos Shipyards, Skaramanga
Persons contacted: Mr. Lalangas, Naval Architect

Mr. Volikas, Marine Engineer
Mr. Tsaltas, Ch. Engineer
Mr. Zagorakis, Port Captain

Andreadis Shipyards, Elefsis
Persons contacted: Mr. Sakelariou, Head of Shipyard

N.J. Gaulandris Shipping, Piraeus
Persons contacted: Mr. G. Kondoul is, Port Captain

Mr. Kalonas, Port Engineer

Empeirikos Shipping, Coulouthros Co., Piraeus
Persons contacted: Mr. Katevenis, Head, Technical Services

Karageorgis M. Shipping, Piraeus
Persons contacted: Mr. Harcharos, Chief, Shipboard Automation Div.

"Cherma" Electronic, Piraeus
Persons contacted: Mr. Politis, Head Shipboard Machinery and Automation

GENERAL

The purpose of this trip was to obtain shipyard and shipowner
views on a) standards/standardization of Marine Propulsion Plant, b)
shipyard approach for cost estimating, cost control and scheduling, and
c) current and future standardization and automation.

2. DISCUSSION

A "sumnary" of the purpose of the Ship
Program as in proposal was provided to all of
ditionally, the questionnaire included in the
Visits" was presented to the two shipyards (a
questions were asked of the three shipping companies (c, d & e above)
namely, 1) What is the current degree of standardization employed on their

Producibility Research
the above parties. Ad-
MR&S "Guide for Shipyard 
& b above); four basic

-1-



ships on the system, sub-system, and equipment level, 2) What standardi-
zation would they like to see in the future, 3) What kinds of cost savings
and in what areas do they anticipate such, as a result of standardization, and
4) What is present and future forecast degree of engine room automation on
board their ships.

Finally, with regard to Cherma Electronics (a major agent involved
in market research, supply, and supervision of installation and testing
of Bridge and Engine Room conventional and automated equipment and systems)
general questions were asked, regarding present and forecast Greek shipping
Industry trends and views with respect to standardization and shipboard auto-
mation.

2.1

2.2

2.3

The following was the response of the parties interviewed:

Niarchos Shipyards: Questionnaire will be mailed back to MR&S.
Not all of the questions will be answered, as some of these, con-
cerning overhead costs, costs of heat balance preparations, etc.,
are considered classified information.

General comnents: They consider standardization to be a very dif-
ficult endeavor, especially in convincing major equipment and piping
manufacturers to standardize their equipment. Currently, they only
utilize existing automatic boiler control systems on their new con-
structions. Four of their vessels are equipped with bridge automated
collision avoidance systems of varying degree of hard-wired logic
system sophistication, on an experimental basis.

Andreadis Shipyards: Filled-in questionnaire will be mailed back to
MR&S shortly. Mr. Sakelariou did not wish to comment on the extent
of standardization employed on ships built by the shipyard as well as
the orders which the Andreadis Shipping has placed with the Hitachi
Shipyards, before consulting with his top aides.

General comments: They would welcome standardization once it has
been established. They feel that it would be a difficult undertaking.
“When the same manufacturer is coming out with the same model and
capacity e.g. pump but for which same model different size piping
can be used (i.e., 3/4" and 1"), how are you going to get different
manufacturers to agree to standardize their equipment?” Nevertheless,
they see definite benefits as a result of standardization.

N.J. Goulandris Shipping: A fleet of 45 vessels of which approximately
20 are tankers. Of these vessels only one, the "Violando N. Goulandris"
an end 1972 construction includes a hard wired alarm, monitoring and con-
trol system, and a second vessel the "Paralos" employes an automatic
gas boiler control system.

General comments: They would rather welcome standardization since
for them it would mean considerable savings per construction. But, to
them, standardization goes hand in hand with automation and it is in
this latter area that they have objections. They feel that the presen

-2-



2.4

2.5

2.6

engine room and bridge automated systems are loaded-with problems;
e.g. , effects of sea air, vibration, defective system components,
etc., on the operation-of the ship, coupled with personnel (or lack
of) inexperienced in the maintenance and repair of automated systems at
the various ports of call, make such systems very difficult to operate
and, in fact, add more headaches.

On the other hand, from the point of view of savings through reduced
shipboard personnel, they sited the case of one of their tankers, a
1968 Sikawajima Harima Shipyard 150,000 dwt construction, ACCU classi-
fied, in which case the insurance company demanded full crew, as in
non-ACCU classified vessels, prior to granting reduced premium.

Empeirikos Shipping, Coulouthros Co.: A fleet of 21 vessels, mostly
tankers, ranging from 65,000 to 336,761 dwt. Eight of these vessels
are currently being delivered to them by the Mitsubishi shipyards,
and in these new constructions they are already into standardization
on the subsystem level,  which the Mitsubishi shipyards are providing.

General comments: They are a healthy company, employing three M.I.T.
engineers as heads of departments, as contracted to most shipping
companies in which the decision makers are still either ex-captains
or ex-chief engineers. They feel that they are going to have consider:
able savings resulting from standardization.

With regard to engine room automation they are already installing
hard-wired alarm, monitoring and control systems on their new construct-

ions, (mostly steam propulsion) with bridge alarm and monitoring
but not bridge control. These new systems are designed for a 16 hour
unattended engine room.

Karageorgis M. Shipping, Piraeus: A fleet of 81 vessels, if new con-
structions are included, half of them tankers, and the rest cargo
ships, ranging from 9,400 to 30,000 B.H.P., all but one diesel-pro-
pel led.

General comnents: Host vessels built in Japan. New constructions
are standardized.

Have contracted with Norcontrol for automation and also have their
automation specialist.

own

Full automation on all of their vessels, which are all, but one, ACCU
classified: computer-based engine room alarm, monitoring and control
systems, with bridge control; computer-based satellite Navigation
and collision avoidance systems on the bridge.

"Cherma" Electronics, Piraeus: General comments regarding attitudes
of Greek shipowners with respect to benefits through standardization
and engine room automation:

-3-



a) Reluctance in adopting standardization.
As the situation stands today, shipowners can still command

and get quality and expediency from numerous, hard competing, ship-
yards, which they feel they might lose if equipment and systems be-
come standardized.

b) The fact that they have encountered numerous maintenance problems
in those cases where automated alarm, monitoring and control systems
have been employed, makes them suspicious and doubting of the effective-
ness of these new, expensive, and so far complicated systems. The
latter comment is related to the present degree of experience of the 
shipboard personnel and to the major undertaking necessary to educate
them.

c) General confusion in the interpretation of "Automation"

-4-



APPENDIX B.4.d

C-E Marine Division
C-E Reference M-74014
June 25, 1974

Ship Producibility Program

Marine Boilers

Meeting Summary

Persons in Attendance:

A. D. Isaacson - M. Rosenblatt & Son, Inc.
E. Thomas - M. Rosenblatt & Son, Inc.
R. B. Hedges - C-E
S. E. Sabo - C-E

Date: June 6, 1974

Place: Windsor, Connecticut

I. General Discussions

M. Rosenblatt & Son, Inc. (MRS) stated that the prime objective of
subject program was to reduce the initial cost of building ships to the ship-
yard without increasing in-service costs. C-E stated that it felt that life-
cycle costs should also be considered even if initial costs to the shipyard
were increased. Too many vessels are already being built today with low initial
cost machinery being installed. Much of this low initial cost machinery causes
high continual. maintenance costs resulting in a vessel with high life-cycle costs.

Standardization of machinery components can be considered in various
ways. Concerning boilers, operating conditions at the superheater outlet are
already fairly standardized, specifically 950°F and 850-900 psig. Some slagging
problems have developed as a result of a combination of the higher tube metal
temperatures and poorer qualities of fuels being utilized. By reducing the super-
heater outlet temperature, tube metal temperatures could be reduced, but the over-
all plant efficiency would be effected, resulting in higher operating costs. Wider
tube spacing in a single superheater would also help, but would only extend the time
that it takes for the slag to build up and bridge between the tubes. This, however,
would require a larger boiler, therefore increasing initial cost. By going to a
dual superheater configuration, use of wider tube spacing and a reduction of tube metal
temperatures could be realized, but again, a higher initial boiler cost would be in-
curred.

Specific heat cycles were also discussed, specifically two heater and four
heater. Actually, the conditions for these cycles are also fairly standardized, as
follows:



2 Heater 4 Heater

Feedwater (into economizer) 2800F 400°F

Air Heater Steam Gas Regenerative

Boiler Efficiency (Approx.) 89.0% - 89.2% 90.3% - 90.7%

Each cycle has its own merits and each owner has his own preferences. Many items
must be considered before a particular cycle is selected inasmuch as the initial.
cost of machinery for each cycle varies considerably es does the fuel rate. As
a result of the present fuel crisis and high fuel prices, considerable interest
has again also developed concerning reheat cycles. The initial cost of these
plants, however, are quite hign.

The number of boilers installed aboard a vessel also effects initial
costs. Obviously, a single boiler ship has the lowest initial machinery cost
as compared to a 1-1/2 or 2 boiler ship. If there is a boiler failure, however,
the single boiler ship is inoperable. One way of reducing the possibility of
failure aboard a single boiler ship, as well as any ship, is by installing a more
conservatively rated boiler. C-E has furnished boilers for five single boiler U.S.
vessels with conservative furnace ratings (release rates and absorption rates.)
The first of these vessels was delivered over eight years ago and, to date, none
of these vessels has had an unscheduled boiler shut-down while at sea. In general,
however,  it still appears that the majority of vessel operators still prefer the
two-boiler machinery installation.

C-E has developed a standard series of marine main propulsion boilers.
By selecting various standard specific frame sizes (capacities), a series of boilers
were developed which allows a shipyard or vessel designer to select a boiler design
at an early stage in the vessel's design. This enables the shipyard to realize
lower initial boiler costs through reduced engineering, drafting, lead times, etc.
(See paragraphs IIA-5 and IIB-2 below for more details.)

MRS stated that although life-cycle costs are important, specific compo-
nents would probably be reviewed and discussed in detail by committee’s formed from
within the industr’y as a result of the information developed by subject study.

II. Ship Producibility Program - MRS Outline

A. Shipbuilding Machinery Fore cast

1. Equipment ordered in the last five years.

(See pages 3 end 4)



1969 Commercial
Auxiliary

U.S.N.
Auxiliary

1970 Commercial
Auxiliary

U.S.N.
Auxiliary

1971 Commercial
Auxiliary
U.S.N.
Auxiliary

1972 Commercial
Auxiliary

U.S.N.
Auxiliary
Waste Heat
U. S.C.G.

1973 Commercial
Auxiliary
Waste Heat
U.S.N.
Auxiliary
U.S.C.G.

Normal (100%) Steam Rate/Boiler (lbs/hr) (10-3)

0-50,000 50-100 100-150 150-200 200-250 250-300 300-350
10 2

10
4

6

2
9

48
2

2

18 4 4

8 14 3
3

14 24

2

26 24

3

4

3



Domestic Vessel shaft Horsepower -
Number of Main Propulsion Boilers

0-15,000 15-20 20-25

1969 Commercial 4 4
U.S.N.

1970 Commercial 6 4
U.S.N.

1971 Commercial 5
U.S.N.

1972 Commercial 2 1.2
U.S.N.

1973 Commercial 22
U.S.N.

Total No. Ships

Commercial 1 5 2 4  
U . S . N .

40-45 45-50 70

4
10

8 4

18

2 4 1 4 6

4 4 20 4
3

7 15 9
1

4

2

13 5
5



2. C-E Equipment presently being built

Seatrain Hull. 103 - main propulsion boilers
Seatrain Hull 104 -
DLGN - 40

main propulsion boilers
- auxiliary boilers

IMC/Chevron GT-1 - waste heat boiler
LHA #l-5 - spares

3. Active Orders on Hand

DLGN 36, 37, 38, 39, 40, and 41 - auxiliary
DE-1078 thru 1097 - main proplusion boilers

boilers

Navy Hot Plant - Great Lakes Training Center - main
propulsion boilers (DE-1078 class)

USCG Icebreakers - auxiliary boilers
LHA #1, 2, 3, 4, and 5 - main propulsion boilers
LASH - Hulls No. 1941-1943, 1949-1952, 2257, 2258 - resin

propulsion boilers
Seatrsin - Hulls No. 100, 101, 102, 103, and 104 - main
propulsion boilers

FMC/Chevron -Hulls No. GT-1, GT-4, and GT-6 - gas
turbine waste heat boilers

4. Projecting boiler orders for the next 10-15 years is just about
impossible. Fifteen years ago, very few people would have
envisioned that in 1974 U.S. shipyards would be building vessels
of 225,000 and 265,000 DWT with up to 50,000 SHP steam turbine
power plants.

For the next five years, however, we anticipate that 65-75 boilers
will be ordered each year equaling approximately ten million
pounds of steam per hour per year which is equivalent to a
market value of approximately 28-32 million dollars per year.

C-E would anticipate receiving approximately one-third of this
projected business.

5. Plans for Equipment

C-E has already completed the basic engineering and drafting
for a standard design series of resin propulsion boilers,
both of the C-E V2M8 design and the C-E V2M9 design. Attach-
ments #l & 2 to this summary illustrate the general configura-
tion of each particular boiler design and frame size, overall
dimensions, and approximate capacity.

We plan on shipping more and more units fully assembled to the
shipyards inasmuch as there appears to be a preference, by
shipyards, to purchasing modular units.

The C-E V2M9 boiler was originally designed with the higher horse-
power VLCC vessels in mind. With the introduction of higher horse- 
power vessels to the U.S. shipbuilding industry, we look forward
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to introducing this design to the U.S. and receiving our
first U.S. contract for this
near future.

We are presently reviewing and
series of auxiliary boilers.

We are presently reviewing and
series of waste heat boilers
engines.

We are presently involved in a
to determine the feasibility
mixture as a fuel for marine

B. Standardization of Propulsion Plants

1. Major Machinery Cost and Schedule

boiler design in the very

evaluating a standard design

evaluating a standard design
for gas turbine and diesel

Research & Development program
of utilizing a coke/oil slurry
steam applications.

Problem Items

a. Steel Shortage - Lead times for material continues to
increase, as does the price of steel, making it very
difficult to accurately schedule deliveries and develop
firm prices.

b. Vendor Items - Prices for many vendor items are increasing
at phenomenal. rates and are often being quoted “prevailing
price at time of shipment. ”

C. C-E Shop Standards - These standards are set by our utility
group inasmuch as they have the greatest portion of the
work going through our shops. Marine incorporates these
standards into our designs to keep our in-house costs as
low as possible.

B2) How Standardization Will Reduce Costs end Schedule Time

As mentioned in paragraph A-5 above, C-E has already taken a major step
toward standardization with the development of our standard design
series for our V2M8 and V2M9 boilers. By industry accepting and
utilizing standard (existing) designs, initial costs can be reduced,
as follows:

a. A minimum of engineering and drafting will be required for
each new centract.

b. Lead times can be reduced inasmuch as drawing and regulatory
body approval times are reduced to a minimum.

c. With the availability of standard designs, the naval architect
can consult with the boiler manufacturer at an early stage
of the vessel design and insure that sufficient space is
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B3)

available for the lower priced standard

d. Standard (existing) boiler designs reduce
contingencies inasmuch as the standard
proven.  

Market Offerings - Preferences

Our preferences,  and our current market offerings,

design unit.

performance warranty
unit will be service

are the standard
design series of V2M8 and V2M9 boilers. Both of these designs utilize
welded wall construction in way of the furnace, although the V2M8 can
be designed to utilize tangent tube construction, refractory, and
double casing. By joining adjacent boiler furnace water wall tubes
with a web of metal running longitudinally between the tubes, a gas
tight envelope consisting primarily of furnace tubing is constructed.
Light weight insulation is then attached to the buckstay stiffeners,
to contain the heat generated by the operating boiler, with a light
gage met al outer cover. This type of construction provides a virtually
fully water cooled furnace with little or no exposed refractory, there-
by reducing boiler maintenance costs.

Another preference would be to utilize more conservative furnace ratings.
Absorption rate (BTU/hr. sq. ft. of radiant heat absorption surface) is
one excellent criteria for rating a furnace inasmuch as it indicates
the loading on the exposed heating surfaces of the furnace. By fully
water cooling the furnace vs. only the side, roof, and rear walls, a
lower furnace rating, for the same capacity boiler, can be attained.
Although the more conservative furnace rating results in a larger
boiler and higher initial cost, the increased reliability and reduced
maintenance costs, over the life of the vessel, far exceed the additional
initial cost.

We would also prefer to deliver boilers assembled. In this manner, we are
able to reduce the men hours required to erect the boilers because we
can assemble them on a production line basis. Also, by delivering boilers
assembled, responsibility for material and workmanship deficiencies lie
solely with the boiler manufacturer. This sole-source responsibility
eliminates considerable time and expense normally spent trying to determine
responsibility by the shipyard and the boiler manufacturer.

For higher horsepower vessels, we definitely prefer marketing boilers of
the V2M9 design. One of the features this boiler design incorporates
is tangential firing. Fuel oil burners are located in each corner of
the furnace and are directed tangent to a small imaginary circle in the
center of the furnace. The fuel oil particles violently scrub against
each other and, as they spiral upward, burn completely before passing
into the banks of boiler and superheater tubes. The combustion process
in these boilers
these boilers on
air.

has been complete to the point that vessels which have
board have reported operating at as low as 1-1/2% excess
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C. Lower Installed Machinery costs

Many of the items which effect the installed cost of machinery have al-
ready been discussed, however, the one item that will have the greatest
effect on the initial cost of the vessel will be the utilization of
standard existing designs, whenever possible. By duplicating existing
or standard units, engineering and drafting, for the boiler, are kept
to the bare minimum.

Early contact between the vessel designer and boiler manufacturer will
also enable the shipyard to realize lower installed costs. By re-
viewing available standard boiler designs at an early stage of vessel
development, sufficient space can be made available within the vessel's
machinery spaces so that a standard design can be utilized. This will
eliminate the need for "custom" designing a boiler to the space left
after the rest of the machinery has been alloted space. Obviously,
this custom designing increases the original cost of the equipment
considerably.

III. Comments

Although we realize that the prime objective of this program is to re-
duce initial costs of constructing ships, we feel that one must also not lose sight
of life-cycle costs. For example:

To build ships today, particularly a large VLCC, ULCC,
or LNG carrier, enormous initial capital investments, are 
required. When one of these vessels is out of commission,
the demurrage rates are tremendous. If one considers, for a
moment, a shoreside utility power plant, the amount of money
expended to purchase the boilers is approximately equivalent
to the money expended for the turbines and generators. With-
in the shipbuilding industry, however, the money expended for
a vessel’s boilers is only about one-half of that expended for
the vessel’s turbines end gears. Just as in the utility field,
it has become very expensive in” the marine industry to have a
ship inoperative. Therefore, it appears that the more conservative
furnace ratings as utilized in the utility industry, should be
considered for marine applications. The small increase in initial
cost for the more conservative boiler will seem small in comparison
with the overall initial cost of the ship, but should pay for it-
self many times over within the expected life of the vessel by
increasing reliability and reducing maintenance.
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